SECOND PRELIMINARY AMENDMENT AND RESPONSE A8689 
U.S. Appln. No. 10/729,441 

REMARKS 

Second Preliminary Amendment 

Claims 1-31 are pending. Upon entry of this amendment claims 32-34 will be added and 
claims 1-34 will be pending. 

Support for the amendment of the claims to recite thalidomide, carmustine, prednisone, 
pamidronate, erythropoietin and bisphosphonate as a second therapeutic agent may be found in 
paragraph 93 of the specification where the diverse agents used in oncology practice are 
incorporated by reference from DeVita et al. (see also paragraph 181). As shown on the 
enclosed pages from DeVita et al., each of these agents is disclosed as being a therapeutic agent 
for use in the treatment of cancer (thaUdomide at page 3083, carmustine at page 2359, 
pamidronate at page 2830, prednisone at page 2359, erythropoietin at page 2644, bisphosphonate 
at page 2579). 

Support for the amendment of the claims to recite interferon alpha-2a as a second 
therapeutic agent may be found in paragraph 92 of the specification. 

Support for the amendment of the claims to recite vincristine as a second therapeutic 
agent may be foimd in paragraph 83 of the specification. 

Support for recitation of bortezomib (Velcade), doxorubicin, cyclophosphamide, 
interferon alpha-2b, zoledronate and dexamethasone in the new claims is support by the 
recitation of these agents in the pending claims (see, e.g., claim 2). 

No new matter has been added. Entry of the Amendment is respectftiUy requested. 

Response to Restriction and Election of Species Requirement 

In response to the Restriction Requirement in the Restriction and Election of Species 
Requirement, dated August 7, 2006, Applicants elect Group I (claims 1-18 and 23) for 
examination on the merits. As new claims 32 and 33 depend from elected claims, claims 32 and 
33 should be included in the elected group. This election is being made without traverse. 

12 



BEST AVA5I m p rnP^ 



SECOND PRELIMINARY AMENDMENT AND RESPONSE A8689 
U.S. Appln. No. 10/729,441 

In response to the Election of Species Requirement as between the agents set forth in A- 
ZZ, Applicants elect agent SS - Bortezomib (Velcade). As the examiner expands his search to 
additional agents, Applicants respectfully request that the examiner first search the following 
compounds that are related to Velcade in their ability to also treat multiple myeloma: melphalan, 
thalidomide, doxorubicin, cyclophosphamide, interferon alpha-2b, interferon alpha-2a, 
vincristine, carmustine, prednisone, zoledronate, pamidronate, erythropoietin, bisphosphonate 
and dexamethasone. 

Elected claims 1, 2, 4-17, 23, 32 and 33 read on the elected species. 

Upon allowance of product claims 1-18 and 23, AppHcants respectfully request rejoinder 
of method claims 19-22, 24-31 and 34. 

The USPTO is directed and authorized to charge all required fees, except for the Issue 
Fee and the Publication Fee, to Deposit Account No. 19-4880. Please also credit any 
overpayments to said Deposit Account. 



Respectfully submitted. 
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mined from serum M-component levels) may progressively 
shorten: this may be analogous to the blast crisis phase of 
chronic myeloid leukemia Integration of tritiated thymi- 
dine-labeling index and tumor-burden studies defined these 
patients as having high-growth-firaction, high-tumor-burden 
myeloma. This patient group has a poor prognosis, with 
rapid myeloma growth and early death. Patients whose 
myelomas have more rapid growtii kinetics have a propensity 
for extramedullary tiinior growth, including soft-fissue plas- 
macytomas and central nervous system (CNS) involvement. In 
some instances, the neoplasm takes on a less differentiated 
morphologic ap{>earancei similar to that of a large cell lym- 
phoma, with a cell surface Ig that usually corresponds with the 
prior serum Ig.®'*'®^'®^ . 

In earlier phases of disease, the quantity of M-component 
synthesis as determined from serum or urine measurements 
corresponds with the amount of tumor in the body. However, 
in the terminal phase, the M<omponent synthesis rate per 
tumor may decline or qualitatively change as the tumor pro- 
gresses, suggesting the development of a mutant done. Some 
patients who previously had only a serum M-component switch 
to primarily urinary light chains, reflecting additional bio- 
chemical abnormalities in Ig syhthesis and assembly.^®® 
< Unlike the aggressive forms of the disease, another subset 
of padents have indolent or smoldering myeloma in which, 
despite evijdence of bone lesions, the disease progresses slowly 
even without treatnient. These padents previously could be 
identified Only from their clinical course; however, the use of 
tridated thymidine-labeling studies usually identifies these pa- 
tients as having hypoproliferative myeloma cells j with fewer 
than 0.5% of the himor cells labeling and in a range similar 
tothatofMGUS.^*^*^ 
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FIGURE 45.4-4* Gompertzian growth curve in multiple myeloma. 
In'diis untreated padciit with IgG myeloma, serial measurements of 
M-coinp6ncnt prbducdon were used to extrapolate the predimcal 
phase 'of myeloma oell proliferadon of about 1 year. 



DIAGNOSIS AND 

CLINICAL STAGING OF MYELOMA 

Presenting symptoms and signs of myeloma usually indiid^l' 
bone pain, which may be associated with compression fractut^fj^ 
of the spine or pathologic fractures of long bones; weakne^v& 
and anemia; and infection, usually due to pneumococcal c^^, 
other gram-posidve bacteria. Hypercalcemia, renal failur^|^ 
spinal cord com^Mxssion, or a mixture of these findings taa^p 
be present. Pun<ifed-out osteolytic bone lesions are commo(t0l 
seen on skeletal x-ray films (see Fig. 45 .4-5). A complete skel^i 
tal x-ray series, including the axial and appendicular skeletb||f 
should always be obtabied at the time of diagnosis. Only ih^^ 
way can the numb^and location of lesions be identified-^^ 
determine if any^otentially unstable osteolytic lesions>%l_ 
present. -"^'^^ 

Studies using magnetic resonance imaging (MRI) sc 
suggest that this approach can provide greater detail on myM^f 
matous abnormalities in the vertebral column dhan cony^|^ 
tional radiographs {Fig. 45.4-5). Some characteristic MRI pj^^ 
terns of change in myelomatous marrow involvement have^| 
been identified at diagnosis and after chemotherapy. 
However, because this procedure is expensive and takes s6v^ 
hours to acquire the imaging information on the entire^spij^' 
of a sbgle patient, this technique must be used select!y'il|^.| 
Bone scans are of no value in the assessment of skeletal itiVbl^ 
ment in myeloma because the bone disease is almost pn 
osteolytic ahd the nuclear medicine isotopes are tak^ Up'< 
in areas of osteobl^tic activity. 

An increase in the number of plasma cells is usually id 
strable id the bone tnarrow or in a biopsy of a plasihac^d 
A serum br urinary M-component can be demonstrated;inff 
of the patients. However, in some instances, not aH 
are present, and a mixture of criteria is needed to esi^ 
diagnosis of multiple myeloma and to differentiate 
other plasma <3ell disorders. Useful diagnostic criteria a^V\ 
marized in Table 45.4-5. • • ' «, % 

A clinical staguig system for multiple myeloma wa^^l 
oped at the Arizona Cancer Center by Durie and Salttfdf 
analyzing the jpresenting features of a series of parieifs;^^ 
multiple myeloma who had their tumor burden direci^j^" 
sured using the metabolic techniques.*** On the basis ^il^.' 
clinical correlations, multiple myeloma was divided inti^*^ 
tumor burden groups: stage >I (low), II (intermediate);^!^ 
(high): Ttimor mass «tage alone vf^ predictive of sur^^i 
additional prognostic faaor, renal function, independi^^' 
pinged on survival and was included in the staging sys ti^i 
normal renal function (i.e., serum creatinine less than^^ 
blood urea nitrogen less than 30) as substage A and ;f 
values as substage B (Table 45 .4-4). 
• Several other investigations applied the Durie-Satec^Sl^^ 
eloma staging system to evaluate survival by stage in ifl|ii^ 
CTable 45.4-5). In studies of response to treatment and^r^"^' 
the clinical features that correlated with a gwen stagi^^ti 
of tumor burden predicted survival in the original pai^M 
and in subsequent reports by other inv^W 
groups.^^^'?^^'*^ Figure 45.4-6 depicts die influence ofi^ 
stage and renal function on the survival of patients with; 
pie myeloma. In the original study used in developiinl 
Durie-Salmon myeloma staging system, the percentage 
marrow plasma cells was an important factor, but it ' 
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FIGURE 45.4-5. Radiograph of lower 
spine (A) compared with magnetic resonance 
images (B and C). The osteolytic lesions in the 
vertebral bodies of TlO-12 and LI that were 
poorly visualized on plain films were much 
more visible on the TI -weighted (B) and T2- 
weighted (C) MR images. (Ludwig M. Tschola- 
koff D, Neuhold A, et al. Magnetic resonance 
imaging of che spine in multiple melanoma. 
Lancet I987;2:36) 
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included in the staging system because it could be replaced by 
other clinical features and was potentially susceptible to sam- 
pling errors. Bone marrow involvement was deleted from the 
staging criteria after consideration of the potential difficulties 
that might be encountered in accurately and reprodudbly 
counting plasma ceils in the bone marrow differential at differ- 
ent centers. Patients with Bence Jones-only myeloma have been 
assessed for measured tumor cell burden, and they appear to 
represent a higher risk subgroup with a higher tumor cell mass 
and shorter survival.^*'^ One of the more challenging patient 
populations on which to prognosticate is the group with asymp- 
tomatic stage I myeloma. Although this group has a good prog- 
nosis, recent efforts have been made to identify prognostic fac- 
tors that will predict which patients will have progrcsswe 
disease requiring treatment.^^^ In this analysis, the only sig- 
nificant Actors to identify pauents who would progress were 
hemoglobin levels less than 12 g/dL. bone marrow plas- 
macytosis greater than 25%, and M-component levels of 3.0 
g/dL or more for IgG or of 2.5 g/dL or more for IgA. Patients 
without one of these adverse factors remained free of disease 
progression for more than 50 months. 



DIFFEEtEISmAL DIAGNOSIS 

The criteria shown in Table 45.4-3 provide the basis for differ- 
entiating myeloma from other major plasma cell disorders with 
M-component secretions other than IgM. The IgM M-corapo- 
nents are usually attributable to Waldenstr5m'5 macroglobulin- 
emia and occasionally to MGUS or other entities. Multiple my- 
eloma with IgM secretion has rarely been reported, and it 
should be diagnosed only if the patient has multiple osteolytic 
bone lesions that contain monoclonal plasma cells.®^ Marrow 
pUismacytosis is observed in several chronic infectious or in- 
flammatory diseases and in hypersensitivity reactions, autoim- 
mune disease, unrelated neoplasms, and occasionally in other 




conditions; it is not associated with secretion of an M-compo- 
nent, but it is associated with polyclonal hyperglobulinemia. 

The major differential diagnosis is tisually between riiyeloma 
and MGUS. There is an overlap between the findings for pa- 
tients with MGUS and those with stage I myeloma fpr njiacro- 
globulinemia) that can often be recognized only by serial fol- 
low-up of the patient for at least 1 year without any fdrm of 
treatment. In MGUS, the M-component level remains CQnstanj^ 
over many years, but in the malignant plasma cell disorders, 
the M-component gradually rises, and other symptoms and 
signs of the disease develop. A policy of watch and wait is com- 
pletely justifiable, because there is no evidence ttat treatment 
improves the. outcome in stage I myeloma or MGUS, and the 
use of chemotherapy has potential hazards that should be 
avoided if the patient does not have an invasive, progressive 
plasma cell malignancy. The schema developed by Facon and 
colleagues^ for identifying which patients with stage I my- 
eloma might benefit from earlier treatment b worthy of consid- 
eration. If, after a year's follow-up of the patient's M-oompo- 
nent and symptoms and signs at I- to 2-month intervals, there 
is no evidence of progression, the most likely diagnosis is 
MGUS, and follow-up examinations should be done at least 
aimually because approximately 2% of theise patients progress 
to a diagnosis of B<ell neoplasm each yeair.^ 

Patients presenting with only Bence Jones proteinuria usu- 
ally have myeloma alone or with amyloidosis.^^^'^^® It has been 
stated that its excretion has "sinister significance."^**^ However, 
Bence Jones MGUS has been reported and followed without 
specific therapy for several years in a few patients. It is 
nonetheless reasonable to have a higher index of suspicion 
when patients present with idiopathic Bence Jones proteinuria, 
because it usually progresses within 6 months to 1 year to 
dearly diagnosed myeloma, which should be treated appropri- 
ately. Patients witii unrelated metast^tik: neoplasms occasion^ 
ally have MGUS, and a series df diagnostic smdies and biopsies 
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TABLE 45.4-3.. JMagnostic Criteria for Multiple Myeloma, 

o fUDknowttSigpifitanoe"^-'^-''^-'"^ 

MULTIPLE MVELOS^ 

MajorGriteria \ ';*" / . 

Plasmacytoma on tissue Wopsy ; 
Bone marrow plasraaqrtpsj* with >30% plasnia.cdls 
Monodonal globulin spi^e; on senjm clectro^^horcris exc^^ 

cxg^tion on urine elc^phore^^ in the presence of amyloidosis 

BfiBor Criteria; .V • ' , ' _ ,* • „ *'•'...; 

Boiie mamw plasmacytpsis 10%' to 30% plasma ceUs 
Monodoni globulin splice ptesci^tb^^ 

Ly^c bone lesions ' i'l ' . * \r >i 

R^iidual nc«mal IgM <:60 mg/dL< IgA < 100lii^dL, .9r IgG <60O .. 

Kagnori* is ainfimed Whei any of the follo^pg fc^«? '^f^ 
diagriosb of wydoma rtqpliiw a 

criterion or three minor oitaia that, must mdude a + b» i.^. 
1 + b. I + <i I + <l(| \not sufficient) 

n + b, n + .C. n + .3 .. .i • 

in + a, m + c, m ■+. .4- . 

a + br+ca+.b + a; . . ' r 

INDOLENT MVELOlfA (SABffi AS MVEUIMA EXCaETT) 

No bone iesions or only limited bone teioM (s3 lytic lesions): no 

compression firacturcs • 

M-component levels: (a) IgG <7 g/dL; (b) IgA <5/dL 
No symptoms or associated disease features, i.e.: 

Performance status >70% 

Hemoglobin > 10 g/dL ' , 

Serum caldura normal 

Serum creatinine <2 mg/dL 

No infections 

SMOIDERING MYELOMA (SANE AS INDOUENT MYELOMA 

EXCEPT) 

No bone lesions 

Bone marrow plasroia cells ^30% 

MONOCLONAL CSAMMOPATHY OF UNKNOWN SIGNIHCANCE 
Monoclonal gammopathy 
M-compPnent level 

IgG <3.5 g/dL : 

IgA g^dL 

BJ protein ^1 g/24h , • 
Bone marrow plasma cells <10% . 
No bone lesions 
No symj)toms . ' - 

IgA, immunoglobulin A; IgG. immunoglobulin G; IgM, immunoglobu- 
lin M; BJ, Bence Jones light chain. 



is required to establish that the patient docs not have myeloma. 
Myeloma and an unrelated metasutic neoplasm may be diag- 
XLOsed. 

ft-MICROGLOBULIN 

^-Microglobulin is an important prognostic fector in multiple 
myeloma.^^^ It is a low-molecular-mass protein, which is the 



Ugbt chain of the HLA antigen and is synthesized by all nucle- 
ated cells.**^ It falls in the dass of tubular proteins that pass the 
glomerulus and arc excreted in the urine, but renal functional 
impairment elevates the serum level of ft-microglobulin. ft- 
Microglobulin can be measured by radioimmunoassay. If cor- 
rected for renal function, serum ft-microglobulin levek 
correlate strongly with uunor burden in multiple myeloma. 
2il.2is-2i7 Because the serum levels are a function of myeloma 
cdi mass and renal function, measurement of ^-microglobulin 
inay provide an alternative to clinical staging for predicung 
survival,^^® The relation of ^-microglobulin to suivival m my- 
eloma is depicted in Figure 45.4-7. )3rMicrogloBalin^ serve 
as a pretreatment prognostic factor in clinical trials beda^we it 
permits a more dirca comparison of risk factors among 
various cooperative groups and instinitions interested m ] 
eloma therapy."***°° Although it has been proposed diat , 




TABLE 45.4-4. Myeloma Staging System 



CrUeria 



Measured Myelonuiy 
CeUMass 
(CeUs X lO'^fn^M 



STAGE I 

All of the following: 

Hemoglobin value >10 g/dL 

Serum calcium value normal (<12 mg/OL) 

On roentgenogram, normal bone structure 

(scale 0) or solitary bone plasmacytoma 

only 

Low M-compdnent production rates 
IgG value <5 g/dL* 
IgA value <3 g/dL 

Urine light chain M-component .on elec- 
trophoresis <4 g/24 h 

STAGEH 

Overall data not as n^imally abnormal as 
shown for stage I and no single value as ab- 
nonnal as defined for stage II 

One or more of the following 
Hemoglobin value < 8.5 g/dL 
Serum' calcium value > 1 2 mg/dL 
Advanced lytic bone lesions (scale 3) 
High M-component production rates 
IgGvalue>7g/dL 
IgA value >5 g/dL 

Urine light chain M-component on elec- 
trophoresis >12 g/24h 

Subclassification 
A = t«latively normal renal function (sehmi 
creatinine value >2 mg/dL) 
B = abnormal renal function (scrum creati- 
nine value 252 g/dL) 

Examples ' 
Stage lA: low cell mass with normal renal 
Amction 

Stage IIB: high cell mass wth normal renal 
function 



<0.6 (low) 



m 



0^6-1.2 
(intermediate) : §M 



>1.2 (high) 



* IkA immunoglobulin A; IgG. immunoglobulin G. 
(Alexanian R. BalccrzakS. BonhctJD.etal. Prognosuc factors m i 
pie myeloma- Cancer 1976;36:1 192) 
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microglobulin caa be used to differentiate between MGUS and 
Ayelproa, significant overlap prevents this.^^*-*^*-^^' Serial ft- 
^J:4picroglobulin levels have not proven to be as useful as M- 
^ Component measurements after response to treatment of ray- 
i^^V'^|osi^ IFN-a is reported to raise ^-microglobulin levels in 
SSR^^eloma.^^^ In our own experience, )92-niicrogJobulin has not 



ARABLE 45.4-5. Median Survival in Relation to Stage at 
;^;Diagnosi$ 

Median Survival (mo) by Stage 
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J^^i^^^y^^ ^^^1 patients lacking an M-component (nonsecre- 




tory myeloma), 



TJREATMENT 

diagnosis of a monoclonal gammopathy does not repre- 
''M an immediate mandate for treatment, and patients with 

I ib'.5.;V M&US, stage I myeloma, and indolent or smoldering myeloma 
I '3»^^r Often best followed without treatment until it is warranted 
S^^ici' -^-^^ development of clear-cut progression of the disease. 

Because multiple myeloma is a cUsseminated plas^ 
A ^Iv plasin, the primary approach to treatment is systemic antineo- 
dc therapy. Symptoms and signs that warrant immediate 
^5^1^ therapy include the development of bone pain, 

J^n^rcalcemia, renal failure, severe suppression of bone mar- 



row functions, or spinal cord compression. If the patient has 
spinal cord compression* completion of local therapy (usually 
with radiadon therapy) should normally precede the initiation 
of systemic chemotherapy unless other serious complications 
mandate simultaneous systemic treatment and radiation ther- 
apy. Patients presenting with long-bone fractures should have 
them internally fixed orthopedically before the initiation of 
chemotherapy. Presentation with constelladons of findings, 
such as marked anemia plus the presence of lydc bone lemons, 
bacterial sepsis, or Bence Jones proteinuria, provide reasons 
for initiation of therapy. If there is significant infiecdon, initia- 
tion of treatment should usually be delayed until the infecdon 
has been controlled. If the clinical findings are ambiguous, a 
period of obsenration that includes serial. M-component mea- 
surements is usually warranted. 

Doubling in the M-component in less than 1 year with other 
clinical findings of myeloma can also be used .as a ba^is for 
treatment. For example, padents with rising M-con;ipQneiit lev* 
els or progressive heme lesions are candidates for treatment 
even if they are asymptqmadc. Useful adjuncts to systemic 
treatment include management of local probl<^s with radiia- 
don therapy and a. variety of supportive care measures. 

Beneficial effects of systemic therapy can.be obtained in most 
patients with newly diagnosed progressive myeloma m clinical 
stages 11 or III. The best improvement in survival of padents 
with myeloma has been obtained for those with stage in dis- 
ease. The clinical phases of myeloma under treatment include 
an initial drug sensitive phase, which is observeid in most pa-^ 
tients; a plateau phase, during which tumor burden is reduced 
and appeairs to be stable during maintained or unmaintained 
remission;, and an eventual drug-resistant phase, dtuing which 
the neoplasm may exhibit altered growth kinetics a[nd resis- 
tance to conventional cytotoxic drugs.^'^^' About 15% to 20% 
of patients manifest resistance even to aggressive parenteral 
cheltnotherapy at the time of initial presentation with progres- 
sive myeloma. 

Systemic therapy usually relieves bone pain relatively 
prompdy, but many other aspects of the disease improve grad- 
ually and may require other supportive measures initially. Even 
with prompt instimtion of systemic treatment, the drug-sensi- 
tive phase of disease usually lasts only 2 to 3 years for most 
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.4i4s^r' Influence of clinical 
^ . . ^ge and renal function on survival of pa- 
1 ^ f with plasma cell myeloma as re- 
:!5^;kv: di^wu from published illustrations. The 
Mt two panels are from a Canadian NCI 
stuitlysos and show the separate effects of 
;^iiucal stage and renal function, respec- 
^ely. The right pane! depicts an Arizona 
^^cer Center study, and the survival 
.. . . rf'^es are shown with clinical stage and 

I ^^ ::|^; - ^ J^mI iunction integrated with the use of 

^ staging system shown in Table 

%^;0^^^' Statistical comparisons of survival 
''^■■r-^^^^^^Ximc for the various stages and risk 
vg^ups in the studies appear in each 
; BUN, blood, urea, nitrogen. 
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FIGURE 45 4-7. life table survival curves in multiple myeldma in 
relation to serum A-microglobuUn (ftM) concentration. The upper 
curve (soUd line) is for 324 patients with a senim concentration of less 
than 6 g^mL (median survival, 36 months). Tbe lower curve {dotud 
Bie) is for 224 patients Witix higher serum levels (median survival 22 
idoiiths: P< .0001). (Skhnon SE, Tesh D. Crowley J, ct al. Chemother- 
apy is superior to sequential hemibody irradiation for remission corisol- 
idation in multiple myeloma: a Southwest Oncology Group smdy. J 
ain Oncol 1990;8:1 575) 



patients before drugresistance manifests: Although the median 
survival before the era of effective systemic therapy was less 
than 1 yeari it is now in the range of 3 to 4 years. In a few 
patients, sensitivity to systemic therapy may persist for 5. to 10 
years orlongfer. , 

Care roust include maximal efforts to relieve pam, hypercal- 
cemia, severe anemia, and various local complications 
promptly to keep the patient from being bedridden, minimiz- 
ing bone demineralization and superinfections. . Patients 
should be encouraged to drink several liters of fluid daily to 
avoid dehydration and enhance urinary excretion of light 
chains and calcium. 

EVALUATION OF RESPONSE TO TREATMENT 

Because myeloma has a variety of clinical manifestations, a se- 
ries of initial and foUow-up studies is needed to assess the re- 
sponse to systemic treatment. These include a thorough his- 
tory, physical examination, and following laboratory studies, 
which include the complete blood count with differential and 
platelet counts; M-component levels m the serum, 24.hour 
urine, or both; serum calcium, creatinine, or blood urea niuro- 
gen levels; and skeletal radiographs. Altiiough serum electro- 
phoresis is extremely useful in the initial diagnostic workup, 
baseline and foUow-up quantitation of the serum M-compo- 
nents is most reliably measured using lasetr ncphelometry of 
the invoWed immunoglobulin. Serum electrophoresis b some- 
times a useful alternative, particularly as the M-component 
level approaches the normal range for the mvolved Ig. The 
radial immunodiSusion test should not be used to measure 
myeloma linmunoglobulinsj because it has not proved reliable. 
Quantitation of urinary Bence Jones protein is best determined 
by protem electrophoresis using a 24-hour concentrate. The 
relative value of ^Sg-microglobulin useful for following the 
course of myeloma has not been established, but p2'«^<^og^ob' 
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ulin is not as specific as M-component measurements, because 
its serum concentration is affected by tumor burden and renal 
function. 

In the absence of specific symptoms, follow-up radiographs 
should be obtained every 6 to 12 months. Hie initial skeletal, 
x-ray evaluation before therapy should include a complete met- 
astatic survey, because myelomatous involvement can be lo- 
cated in any area of the axial or appendicular skeleton. Isotopiic 
bone scans are of little or no value for myeloma and are no^ 
recommended. Bone marrow invohremcnt should be assessed 
initially with an aspirate and a core bone marrow biopsy. Cau- 
tion is needed to avoid excessive pressure on die needle when 
the needle is inserted, because in some myeloma patients, die 
bone matrix is extremely fragile. FoUow-up bone marrow speci- 
mens are obtained to confirm remission status after therapy 
and to explain an unexpected pancytopenia. Marrow involves 
ment with myeloma is usually difiiise, but occasionally it is 
spotty and may be subject to sampling error for needle aspira- 
tion but usually not for core biopsy. "Dry taps" on aspirates 
can be due to needle placement within a pbsraaCytoma, Table 
46.4-6 summarizes a useful schedule for obtaining initial and 
follow-up studies in myeloma patients. 

M-component production usually correlates with tumor bxir^: 
den in myeloma patients, and its serial assessment usually prb- 
vides an excellent guide to the response to treatment or dis^^ 
progression. Objective response criteria should identify 
tients who have achieved significant tumor regression and sep- 
arate them &x>m patients who have only stabilized or who b^p^p ? 
had symptomatic improvement without having achkvedremis^|^^ | 
sion status. In 1973, die Leukemia-Myeloma Task Force ^^t^^^^ 
NCI published the criteria for response in myeloma, which ;^^-^^ * 
required a 50% reductiion in the serum or urmary levels of;ani:;|^^ 
M-component to define remission.^^* Althoug|h the task ^1^^ 
criteria were created to identify groups . of patients responsk^^ 
to treatment, they were developed before the acquisition 
detailed knowledge of Ig inetabolism. Analysis of Ig metz^p^^ 
lism led to the recognition that for die major classes pf .I^C^J 
(IgGl, IgG2, and IgG4, which comprise 90% of serum IgQ)| 
metabolism is not linear with the serum concentration.®^ Wl^^.^ 
a relatively high serum IgG M-component value, die hal&lijfeg 
of IgG may be as short as 8 to 10 days; but witii a low yalvi^| 
the half-life may be 40 days or longer. This concentration-f 
dependent phenomenon applies to IgG M-component 
in 90% of patients with IgG myeloma or approximately 50% || 
of all myeloma cases. Comparisons of serum leveb in ihesl^'^ 
patients, underestimate tiixe degree of change, depending op^ _^ 
the initial and fbllow-up serum M-protein vahies.* Correctioi^ 
can be made for changes in die metabolic rate for IgG du;oug^|' 
die calculation of a synthetic index ^m die senim values.-*-! 
A useful nomogram for diis purpose has been derived fr6p| 
the metabolic equations.^ A nomogram witii an extended .?c^S| 
for IgG values appears in Figure 45.4-8. 

Assessment of urinary light chain excretion is affected, 
nificandy by die degree of catabolism diat takes place iti 
kidney, which is a function of die absolute leveb of light chai] 
passing die glomerulus anidl the degree of renal functional i| 
pairment.*°^ To avoid difficulties in assessment, criteria 
improvement in Bence Jones protemuria must be quite s&m- 
gent. The response criteria adopted by SWOG are summary 
in Table 45.4-7. Response in accord widi die SWOG criteria^ 
strongly correlated with improvement in survival. Fati''*'^ 
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whose hemoglobin, renal function, and albumin levels improve 
have a better outcome than if the clinical variables remam un- 
changed or worsen. Responsive patients have improvement in 
general well-being and in ambulation, and they have marked 
relief of symptoms of bone pain. However, recaldfication of 
osteolytic bone lesions is observed in fewer than 5% of patients 
who respond to conventional chemotherapy. 

. A retrospective analysis of 69 stage II and 80 stage III my- 
eloma patients treated at a single institution was evaluated with 
Myeloma Task Force and SWOG response criteria. in carry- 
ing out this analysis, 2 stage II patients and 9 stage III patients 
who failed to live 3 months were censored to minimize the 
"guarantee time" inherent in including early deaths as nonre- 



TABLE 45.4-6. Checklist of Laboratory Studies for Patients 
With Multiple Myeloma 

ROUTINE PRETREATMENT EVALUATION 
Complete blood count, dififerenrial, and platelets 
Serum protein electrophoresis 
Seriim immunoglobulins (nepbelometiy) 
Scriim ^microglobulin 
24-h urine for total protein and electrophoresis 
Antigenic typing of serum and urine monoclonal immunoglobulins by 
immimofixation or immunoelectrophoresis 
Bone marrow aspiration and biopsy 
Sertim creatinine 
Serum calcium 
Serum electrolytes 
Scrum uric add 
Liver functions 
Chest radiograph 

Skeletal x-ray survey (entire skeleton) 
El^trocardiogram- 

SPECIALIZED STUDIES FOR SELECTED PATIENTS 

Abdominal fet pad or rectal biopsy for amyloid (also tap joint effusions 
jfor amyloid) 

Sojitaiy lytic lesipn, soft tissue or lymph node biopsy 

§^mm viscosity if IgM component present or if any serum M-compo- 
nent >7 g/dL ^ 

J*lasma volume if senim relative viscosity >4 

Myelogram (or in some instances MRl) if paraspinal mass or symptoms 
and signs of spinal cord or nerve rootcomprcssion (spinal fluid should 
be sent for cell count, cytospin difiFerential, glucose, and protein) 

ROUTINE FOLLOW-UP STUDIES 
B^ore every course of treatment: 

- GBC, differential, platelets (should be repeated to check nadirs on 
.>,.nrst few courses) 

A; least every 3 mo (and on completion of induction or change to 

^Itemadve therapy for refractory patients): 
'Serum mohodonal immunoglobulins by nephelometry or elecu-o- 
' phoresis 24-h urine protein electrophoresis (if Bence Tones protein 

fiScrum chemistry panel 
least annually 

iv-^kelct^ x-ray survey (entire skeleton), chest film, scrum jSirmicro- 




^nthetlc Index for IgG M-Component 

FIGIKE 45.4-8. Nomogram for determming the synthetic index 
for IgG M-components of subclasses IgGl, IgG2. and IgG4, which 
comprise 90% of IgG myelomas. Using the patient's initial serum IgG 
concentration on the vertical axis, read down from the line to the hon- 
rontal axis to determine the syndieuc index for diat IgG value (Synl) 
The same procedure is followed for the follow-up value (Syn2)" 
S)^2/Synl X lOQ =% of baseline synthetic index and tumor burden. 
This nomogram corrects for concentration-dependent changes in M- 
component synthesis and myeloma ccU mass and gives a more accurate 
assessment of changes in tumor burden in IgG myeloma than can be 
rakvOated duectly from the serum levels. The nomogram is not re- 
quired for IgGS. IgA, IgD, or IgM serum M components, and changes 
m senmi values for these Igs can be used direcdy to determine die 
percent change m tumor burden. The equation used to develop this 
nomogram has been incorporated into a program for a pocket calcula- 
tor to calculate tumor cell mass. (Salmon SE. Wampler SE, Multiple 
myeloma: Quantitative staging and assessment of response with a pro- 
grammable pocket calculator. Blood 1977;49:379) 



. cjBonc marrow aspiration if any significant abnormality in blood 
C ij^^^' immunoglobulins, or new symptoms 
i.^5erum immunoglobulins (nephelometry) 
.'^^^ 



spenders by usual statistical methods. The researchers con- 
chided from this analysis of a rclathreiy smaD scries of patients 
that the Myeloma Task Force criteria of response may have 
similar predictive value to that of the SWOG for stage U pa- 
tients. They found that the SWOG criteria had greater predict 
tive value for stage III patients but believed that the latter .dif- 
ference was of questionable significance. Furdier analysis of 
significantly larger patient populations is warranted to authen- 
ticate the association of M-component reduction and tumor 
regression in multiple myeloma. Criteria jfor "true complete 
remissions" have more recenUy been applied to studies of high- 
dose therapy associated with stem cell autografting or allo- 
grafting. For «cample. the criteria defined by Gore and col- 
leagues**^ require tiiat no M-compon^nt be measurable by 
serum or urine electrophpresis and the bone marrow aspirate 
have fewer than 5% plasma cells. Other groups have more strin- 
gent criteria, requiring absence of the M-component on immu- 
noeiectrophoresis or immunofixation.**® 

RADIATION TOERAFY 

Pattiatim for Bone Pain and Soft Tissue Masses 

Radiation therapy has been recognized for many years as a 
rapid and highly effective palliative agent in the treatment of 
multiple myeloma.230-2S4 Despite advances in die systemic 
treatment of this disease, radiation therapy continues to be 
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TABLE 45.4-7. SWOG Myeloma Response Criteria 

Responsive patients who satisfy all of the following criteria are consid- 
ered to have achieved definite objective improvement: 

• A sixstained decrease in the synthesis index of serum M protein to 
25%, or less, of the pretreatment value on at least two measurements 
separated by 4 wk. For IgAand IgGS M-proteins, the synthetic index 
is the same as the serum concentration. For IgG M-proteins of sub- 
classes 1, 2, and 4, the synthetic index must be estimated using the 
nomogram shown in Figure 47-6. 

• A sustained decrease in 24-h urine globulin to 10%, or less, of the 
pretreatment vklue, and to less dian 0.2 g/24 h on at least two occa- 
sions separated by 4 wk, 

• In all responsive patients the size and number of lytic skull lesions 
must not increase, and the serum caldimi must remain normal. Cor- 
rection of anemia (hematocrit >27 mg/dL) and hypoalbuminemia 

, (>5 g/dL) is requh-ed if they are considered lo be secondaiy to my- 
eloma. 

• With equivcKal daU (e.g., nonsecretors. L chain producers for whom 
the pretreatment urine collection was lost), the following support the 
conclusion that an objective response has occurred; 

Recalcificadon of lydc skull lesions • * 

Significant increments in depressed normal immunoglobulins 
(e.g., increments >200 mg/dL IgM, >400 mg(dL IgA, and >4000 
mg/dLIgG) 

Improved patients show a decline in the serum M-protein syntheas 
rate to less than 50%, but not less than 25% of the pretreatment value. 
Unresponsive padents fail to satisfy the criteria for responsive or im- 
proved patients. 

(Afker Alexanian R, Bonnet J, Gehan E, et al. Combination chemother- 
apy for multiple myeloma. Cancer 1972;S0:382) 



important. It has been estimated that almost 70% of all patients 
eventually require and potentially benefit from treatment with 
irradiation.^^^ 

Treatment of painfiil, disabling bony sites is usually rapidly 
successful because of the radioresponsive nature of myeloma. 
In addition to rapid relief of pain, with accompanying decrease 
in narcoticrequirements, pain relief allows patients to mai n tai n 
much more normal activity, reducing the structural weakness 
in bone caused by cdlcium loss from bedrest. Because treatment 
is often rapidly effecdve at relatively modest doses, irradiation 
can arrest local tumor progression in bone and prevent patho- 
. logic fractures, minimizing the morbidity of more invasive 
therapeutic interventions for these patients. These positive fea- 
tures of irradiation enable a much more normal functional 
existence for patients.^^^^** 

Myeloma is usu^ quite responsive to radiation therapy, 
and tumor doses of approximately 2000 to 2400 cGy in five to 
seven fractions over 1 to 1 .5 weeks are usually sufiicient.^'^"^^^ 
Relief of pain is obtained in more than 90% of treated pa- 
tients,*^*'^^^ From 309^ to 65% of responses are complete."^ 
An analysis of 100 patients treated at the University of Arizona 
demonstrated no increase in response probability with doses 
greater than 1500 cGy. Limited numbers of sites were treated 
with lower doses. Neither the probability of recurrent symp- 
toms nor the time to relapse at the treated site was influenced 
by the radiation dose. Except for solitary disease, higher doses 
have not been advantageous, and because of the generalized 
nature pf the disease and its relatively long natural history, 
higher doses may predude a necessary second course of treat- 



ment to a site caused by timior reseedmg, extension, or rev 
growth. y - J. 

Careful treatment planning is necessary to ensure indusioh' 
of the entire lesion(s) responsible to the localized problem, ahd^ 
imaging studies sudi as computed tomography (CT) scans may 
be helpfiil hi delineating the extent of tumor. 

Judgment and experience are necessary in determining 
when radiation therapy is appropriate (versus systemic treat- 
ment), especially early in the course of this often chronic oondi^^ 
tion. Although irradiation relieves the most disabling symp^ 
tom(s), a similar result often can be achieved by chemotherapy^ 
especially early in the course of myeloma, with no resultant'^ 
compromise in future delivery of chemotherapy because of my-/ 
elosuppression. This is particularly true in the treatment of 
sites containing considerable bone marrow, such as the pelvis. 
A Cancer and Leukemia Group B (CALGB) smdy that ^t- ■ 
tempted "total bone marrow" treatment by sequential irradia|a^ 
tion in coihbination with chemotherapy was not benefidaI.^^.S = 
Recirculation of myeloma into previously treated sites may pau^n ;i 
tially explain the negative study.**® Ideal management requir^' 
dose coordination with the physidan administering the pa^'. 
dent's systemic chemotherapy. 

Structural changes brought about by tumor involvement 
may, by nerve compression or orthopedic instability, be refv 
sponsible for a substantial portion of a patient's pain. It is us)j-^ ; 
ally a mistake to treat a patient with multiple myeloma to prqi' 
gressivefy higher doses than those previously used if some levdi^ 
of pain persists, assuming that careful prior imaging, stud^i^^ji; 
and treatment planning have been accomplished. -...'■^-M 
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Special Indications for Radiation Therapy 

Several other localized manifestations of myeloma may be indgp^j^ 
cations for palliative irradiation, especially in the patient wh^i?^^ 
has proved resistant to most conventional systemic agents^ It^||i^ 



eluded are patients who present with proptosis caused by sphei-?:^^|| 
noid or orbital bone involvement, those who present with I 
tal or fadai abnormalities caused by maxillary or niandibiiS^^^-^ 
involvement, or those who present with CNS symptoms causii^^ 
by extensive calvarial or base of the skull involvement A treat^;|s^ 
ment philosophy and approach similar to that for palliatipn '(^^' 
bone pain is appropriate. 

CHEMOTHERAPY 
Induction Therapy 

The initial approach to treatment for most patients with synoj^^ 
toms and signs of progressive disease is with systemic chemb^:§| 
therapy. Cyde-nonspedfic cytotoxic drugs, particularly alkylati^y^ 
ing agents, represent the current mainstay of standard therB^^ 
Bifiinctional alkylating agents, particularly melphalan and 1^^^ 
dophosphamide; nitrosoureas, including carmustine and l<^>f^ 
mustfaie; doxorubicin; and glucocorticoids represent the maj^ 
active agents used in systemic therapy for multiple lit..^.^ 
eloma.^''^®'^''^'^'^**^ Vincristine has been used in several tre^gl 
ment programs and although there is evidence it can red^^ 
tumor burden somewhat, there is no indication that its a^^ft^i^ 
to other drugs increases survhral.**^"'*^ IFN-or has very 1"^^^ 
single-agent antitumor activity in myeloma.***"**^ All of the^4| 
agents have been subjected to diniral triab as single agents-^ 
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i myeloma and have also been incorporated into various combi- 
I nations for evaluation in previously untreated patients. 

¥ 

|: Remisswn-'Inductian Chemotherapy 

M: ALKYLATING AGENTS WITH OR WITHOUT GLUCOCOR- 
Sc- TICOIDS. A variety of simple all^lating agent-steroid combi- 
nations* as well as more complex regimens, have been used 
^ for remission induction for patients with multiple myeloma, 
pi Overall objective response rates in various series using single 
^jj,- alkylating agents atone or in combination with prednisone usu- 
^ ally are 50% to 70%, and the rates are influenced by the re- 
j/ sponse criteria used and the aggressiveness with which the regi- 
mens can be administered because of their myelosuppressive 
effects. Prednisone and other glucocorticoids (e.g., methyl- 
prednisolone, dexamethasone) have been combined with aUs^yl- 
atbg agents because of their single-agent activity, lack of over- 
lapping toxicity, and the suggestion that they may potentiate 
the acdon of other agents. In most instances, patients in these 
% trials received maintenance chemotherapy after remission m- 
|; duction, 

1^ Many studies used a variety of schedules of oral administra- 
don of melphalan or cyclophosphamide alone or in combina- 
V tion with prednisone, with generally similar therapeutic results. 
J: . Usefiil dosage schedules for the commonly used alkylating 
agents at conventional dosage levels appear in Table 45.4-8. 
y;: Dosage adjustments for myelosuppression are commonly em- 
< . ployed, but dose escalation in the absence of myelosuppression 
i;: is not usually followed satisfactorily. Inadequate dose escalation 
■ii- (particularly with melphalan) can produce significant under- 
f dosing. Melphalan has variable absorption by the oral route, 
and the drug is best absorbed when ingested on an empty stom- 
ach,^^^ Although oral absorption is not usually a problem with 
oral cyclophosphamide or lomustine, regular monitoring of 

i 

TABI£ 45.4-8. Conventional Intermittent Schedules 
of Alkylating Agents for Treatment of Myeloma Alone 
or in Combination With Prednisone 

Iloute Dose and Schedule 

CYCLOFHOSPHAMIDE 
ly 1000 mgi'm* (27 mg/kg) q 3 wk 

Oral 250 mg/mVd X 4 d q 3 wk 

MELPHALAN 

IV 16 mg/in^ q 2 wk X 4 then q 4 wk 

Reduce initial dosing by 50% if serum creadnine > 2 
dL (BUN > 30 rag/dL) 
Gral- 8 mg^m* q 3 wk or 9 mg/m* q 4 wk 

(Because of varying bioavailability of ora] melphalan, the 
dose must be increased to induce hematologic toxicity or 
signlBcant underdosing may occur.) 

GARMUSnNE (BGNU) 
IV 100-150 m^m^ q 4-6 wk 

WMUSTINK (CXaW) 
Oral 130 mg/m* q 4-6 wk 



BUN, blood urea nitrogen. 



the leukocyte count and differential count can detect pauehts 
with compliance problems with the self-administration of oral 
agenu. Nadir absolute granulocyte counts below 2O0O/)leL 
should be achieved between intermittent courses of therapy, 
but with continuous courses, the dosage should be adjusted 
to mamtain the leukocyte count between 2000 and S500//<L. 
Although intravenous schedules provide more pi^dictabie 
dose deliv«y, the largest experience has been with oral regi- 
mens. More recently, alkylating agents have been incorporated 
into substantially higher dosage diemotherapy regimens ^lat 
require autologous hematopoietic stem cell support. Such regi-- 
mens will be described later in this chapter. 

Regsirdless of the dosage schedules or objective response 
rates in major clinical trials, the; median survival tune of pa- 
tients receiving oral melphalan or cyclophosphamide aloiie or 
in combination with prediiisone has ranged £rom 18 to 36 
months, with an overall median of about 24 months (Tjable 
45.4-9). Some "response rates" have varied because dififerent 
criteria were used, to determine objective response in the re- 
ported studies. Similar results have been observed with the 
nitrosoureas, although these agents have not been studied ex- 
tensively.*® 

The survival outcome in mydoma patients is now dearly 
superior to that observed before the introduction of alkylating 
agents, when median survival times from diagnosis were iii 
the range of 3!5 to 11.5 months.*^ The improvement in 
survival that occurred in myeloma aft^r the introduction of the 
alkylating agents is due to these drugs, rather than to changes 
in earlier diagnosis or changes in supportive care. Equivalent 
therapeutic elBEiects' have been reported with intermittent and 
continuous schedides. An initial loading dose foUowefd by a 
subsequent continuous dose produces similar results. Inter- 
mittent schedules may have advantagcfs in terms of assuring 
regular monitoring of the patient's progress and avoicling Cu- 
mulative toxicity. 

MULTIAGENT COMBINATION CHEMOTH^IRAPY. Anum-. 
ber of studies have compared the simple oral melphalan plus 
prednisone (MP) or cyclophosphamide plus prednisone (CP) 
combinations with more complex multiagent regimens. Al- 
though a subset of these studies reports significantly better 
survival results than have been observed with the simple combi- 
nations, differences are generally minimal at best. Such studies 
were initiated because of preclinical evidence suggesting that 
combinations of alkylating agents may be potentiating because 
there are different mechaiusms of membrane uptake and other- 
potential differences in their mode of action and. cellular cyto- 
toxicity.?^ ... 

Some of the niost widely used multiagent combinations in- 
clude the M2 protocol developed at Memorial Sloan-Kettering 
Cancer Center^^^ and the alternating combination chemother- 
apy regimens developed by SWOG.^^ In the initial SWOG re- 
port of alternating combinations, vincristine, melphalan, car- 
mustinc, and prednisone (VMCP) was alternated with 
vincristine, carmustine, do;corubicin, and prednisone (VBAP) 
or vincristine, cyclophosphamide, doxorubicin, and predni- 
sone (VCAP).*?* In subsequent trials, the alternation has been 
limited to VMCP and VBAP, because VBAP can reinduce remis- 
sion in myeloma patients who have previously responded and 
relapsed from therapy with melphalan or cyclophosphamide 
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TABLE 45.4-9. Effects of Some Major Trials of Single Alkylating Agents Alone 
or in Combination With Prednisone on Survival in Multiple Myeloma 



InvestigoHons 



TreatmerU* (Alkylatmg AgenJt Scheduled) 



Alexanian ct al^* 
Alexanian et al*^^ 

Bergsagel et al^' 
Bergsagel et al*°* 
Costa et al^ 



Hdogstraten et al^*® 
Hoogstraten et al'^' 
Koretetai^^ 

McArthuretal«*» 
MRC 1st study*" 

MRC 2nd study^» 

MRC Srd study»<> 



Melphalan (i) 

Melphalan (d) 

Melphalan, prednisone (i) 

Melphalan (d) 

Melphalan, prednisone (i) 

Melphalan (d) 

Melphalan, prednisone (d) 

Melphalan, prednisone + testosterone (d) 

Melphalan (d) 

Melphalan (i) 

Cyclophosphamide (d) 

Melphalan (d) 

Melphalan (d) 

Cyclophosphamide (d) 

Melphalan, prednisone (d) 

Cyclophosphamide (d) 

Melphalan (i) 

Cyclophosphamide (I) (intravenous) 



Patients 


'^Hesponsellate 

{70 J 


Median Survival 
From Start of 
inerapy (mo) 


82 


49-59 




35 


17-19 


1R 


79 


•-65 . 


24 


165 


14 


■ AD 


100 




OS 
AO 


Dv 




26 


71 


— rto 


OD 


58 


-64 


24 


64 


46 




48 


45 ' 


?6 




-48 


24.5 


S9 


41 


28 


193 


NR 


18 


141 


NR 


18 


128 


NR 


20 


124 


NR 


20 


179 


NR 


20 


. 174 


NR 


26 



d, daily; i, intermittent; NR, not reported. 

* Response rates shown with Myeloma Task Force Criteria or approximaced torn published data. 



combinations.*®' The dosage schedules for these Memorial 
Sloan-Kettering and SWOG combination programs are sum- 
marized in Table 45.4-10. The fifth Medical Research Council 
(MRC) trial of alternating combination chemotherapy used 
drug dosages that were essentially identical with that of SWOG, 
with the deletion of vincristine and prednisone (see Table 45,4- 
10).2^ In a recent SWOG smdy, the VMCPA^AP regimen was 
compared with this same program as well as with the addition 
of alternate-day prednisone (50 rag) between chemotherapy 
courses (VMCPPA^APP) and to the vincristine, doxorubicin, 
dexamethasone (VAD) regimen. 

Slight changes in dosages of the M2 regimen have been used 
in various series.**" With the M2 regimen, improved survival 
has been reported in a nonrandomized smdy in which survival 
was calculated from the date of diagnosis rather than from the 
onset of therapy.*^* Subsequent randomized studies carried 
out by the Eastern Cooperative Group (ECOG) in the United 
States and by a niultihospital group from Denmark compared 
the M2 regimen to melphalan and prednisone. *^^'*®^ Both 
studies failed to show an overall survival advantage with the 
M2 regimen, although an update on the ECOG study reported 
improved survival for stage III patients.*^^ 

Two successive studies carried out by SWOG compared the 
alternating combination regimens to a simpler regimen of MP 
or vincristine cyclophosphamide, plus prednisone (VCP). In 
both studies qi^ite similar advantages in terms of improved 
response rate and improved median survival were observed 
with the alternating combination compared with the simpler 
regimen.*|^»*«« The second of SWOG's evaluations of altemat- 
irtg combinations demonstrated remarkably similar survival 
plots for the VMCP plus VBAP compared with die simpler VCP 
regimen;* Analysis of pretireatment prognostic factors showed 



that the oreatment groups were quite comparable. A signifi- 
candy larger proportion of patients responded to the alternat- 
ing combinations, suggesting that the additiotial responsive 
patients may have required combination therapy to reach re* 
mission status and could be anticipated to have had a poorer 
prognosis and below-average remission duration. Analysis of 
the data on high-risk stage III patients in some studies supports 
this interpretation and is consistent with the overall remission 
duration in the VMCP-VBAP group being diluted with die 
addition of poor-risk patients "recruited mto" the responsive 
category with the aggressive combination who would not hav^ 
achieved remission with the simple regimens,*®* 

A similar interpretation may apply to studies from ECOG 
and the CALGB, who found improved response rates, survival 
time, or both in specific subsets of patients with multiagerit 
combinations compared with die MP regimen.*^^'*^° In diese 
two studies, overall survival for all patients was not improved/ 
suggesting that the increased toxicity of the aggressive regi- 
mens may have a detrimental effect on survival of subsets of 
patients. The MRC study made an observation similar to that 
by SWOG. In the MRC study, 627 patients were randomized' 
to receive almost identical schedules of the cytotoxic agents 
used in the SWOG VMCP-VBAP studies, except tiiat vincris- 
tine and prednisone^were omitted. The MRC study compared 
alternating melphalan plus cyclophosphamide and carmustine 
plus doxorubicin to melphalan alone. In the MRC smdy, die 
survival advantage for the 314 patients receiving die alternat- 
ing combinations was significandy superior (P = .OOOS)tothar 
obtained with melphalan alone.^^ Curves for the MRC study 
are similar to the SWOG results despite the omission of vincris- 
tine and prednisone. The MRC's comparison of ABCM to mel- 
phalan is significandy larger than die SWOG study or other : 
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^studies comparing multiagent chemotherapy to melphalan or 
rnelphalan plus prednisone.^" The VAD regimen as originally 
used for patients in relapse has more recently been tested as 
;an "up-front*' combination for previously untreated patients 
in a large randomized trial and has proven to be as active as 
. other multiagent regimens in terms of frequency of remission 
and overall survival,^^^ However, VAD appears to induce remis- 
>sions more rapidly than other regimens so that most patients 
who achieve remission will do so after three to four courses of 
therapy. Because of the rapidity of response and relatively mild 
myelotoxicity, it is often used for remission induction before 
an effort to consolidate remission with high-dose chemother- 
;apy (see later). A summary of results from these studies appears 
in Table 45.4-11. 

. Other multicenter randomized trials using VMCP-VBAP or 
variants of the M2 protocol (VBMCP) failed to show better 
results than simpler regimens (Table 45.4-12).*^ ' Comparison 
of the different trials is difficult because of different prognostic 
factors, differences in the treatments used, and differences in 
dose modifications and other factors. Several studies compared 
sequential administration of various alkylating agents with si- 
inultaneous combinations or MP (data not shown). These stud- 
ies showed inferiority or no advantage for the sequential regi- 
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Although there are discrepancies between multiagent and 
simpler regimens in various trials, none of these regimens is 
curative or controls the disease for 4 years or longer. Therefore, 
newer therapeutic approaches are needed. The somewhat con- 
flicting results comparing MP with combinations suggests that 
if there is a difference favoring multiagent chemotherapy, the 
difference is likely to be a small one. Accordingly, an overview 
or metaanalysis is being conducted by the Oxford Stadstical 
Unit in which the primary data from various randomized trials 
will be analyzed to determine whether diere is a small degree of 
benefit to be derived from multiagent cytotoxic chemotherapy. 



GLUCOCORTICOID DOSAGE DURING REMISSION INDUC- 
TION. A number of trials have shown that the addition bf ^u- 
cocorticoids to alkylating agent chemotherapy for remission 
induction increased th^ objective response rate but foiled to 
increase overall survival. These conclusions were reached from 
trials evaluating a relatively low dose rate of glucorticoid (e.g., 
100 mg of prednisone or its equivalent per week, usually given 
as ICQ mg/d for 4 days every 3 to .6 weeks. In SWOG's miost 
recendy completed large-scale randomized trial, glucocorti- 
coid dose intensity was evaluated during induction therapy by 
comparing VMCP/VBAP to VMCPPAmAPP and to the VAD 
regimen.^®® In this study, the two arms that each had signifi- 
candy higher glucocorticoid dose intensity (VAD and 
VMCPPA^BAPP) had significandy higher remission, rates and 
longer median survivals than they did with VMCP/VBAP alone 
(P < .01), supporting the concept that glucocorticoid dose in- 
tensity is important during remission-induction therapy. 
Nonetheless, the median survival in these trials is rarely if ever 
longer than 4 years. 

In the studies comparing altematinjg combination therapy 
to melphalan or MP,' patients had i staitistically significant im- 
provement in survival with alternating combination chemo- 
therapy. Response criteria varied between SWOG and die MRC 
groups but were consistent within each group's trial. In the 
most recent SWOG trial (which did not include melphalan or 
MP arms), increased glucocorticoid dose uoitensity improved 
both the response rate and median survival. 

STUDIES OF INTERFERON-a ALONE OR IN COMBINA- 
TION THERAPY FOR REMISSION INDUCTION. Although 
INF-Qf is known to have some activity in myeloma patients in 
relapse, the recombinant forms of IFN-ahave had only limited 
study m previously untreated patients. In an initial report, 7 
of 14 patients with previously untreated myeloma with stages 
I or II myeloma responded to treatment ^^^^ The response was 



TABLE 45,4-10. Dosage Schedules for die M2, VMCP-VBAP, ABCM, and VAD Regimens 



Drug Regimen* 



Vincristine Melphalan Cyclophosphamide Canmistine Doxorutidn Glucocorticoid 



regimen?^ 
VMCP^ 
VBAP^w 
ABCM^ 



0.03 mg/kg 
d 1 

1 mgd 1 
1 mgd 1 



0.2 ng/m^/d 
dl-4a 



0.25 mg/kg 

d 1-7 
6 mgfmVd 

d 1-4 



6 m^mVd 
d 1-4 



10 mg/kg d 1 
125 mg/raVd 



100 mg/mVd 
d 1-4 



0.5 mg/kg 
d 1 



30 mg/m^ 

d 1 
SO mg/m^ 

dl 



30 mg/m* 
d 1 

30 mg/m* 
d 1 

d l-4a 



1 mg/kg 
d 1-7 

Pred 60 mg/mVd 
d 1-4 



Pred d 1-4 

Dex40m^d 
days 1-4. 9-12, 
and 19-22 



P, prednisone; D, dexamediasone. 

♦ As currendy used, die M2 protocol is usually repeated at 4- or 5-week intcnrals. The VMCP-VBAP 
program repeats courses of chemodierapy in 2 1 -day cycles using cidier a direa akemation of die two 
regiraens or a syncopated alternation wherein VMCP is used for three cycles foUowed by VBAP for 
three cycles with similar therapeutic results by eidier of diese schedules. Currendy, an evcry-3-weck 
alternation is used. The MRC has used an almost identical schedule to VMCP/VBAP in their altemadng 
program, except that vincristine and prednisone have been deleted. Alternations are also at 3-wedl 
mtervals in die MRC's ABCM program. The VAD regimen is repeated every 85 days, and padents 
generally receive an anuinfcctivc agent (e.g., sulfa trimcdioprim or ciprofloxacin) durinir die period 
of blood count nadir (e.g., days 10 to 20), as weU as an H«-blocking agent. 
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TABLE 45.4-1 1. Results of Alternating Combination Chemotherapy Regimens Use for 
Remission Induction in Multiple Myeloma in Selected Mulcicenter Randomized Trials 

InvesHgeUion* TreahnerU Patients Response Rate (%)f Median Survival (mo ) 

SWOG ALTERNATING COMBINATIONS VS MP OR VCP 

Study 7704"*-^ VMCP + VABP + VCAP 160 54 42 

MP 77 32 23 

Study 1927^ VMCP + VBAP 93 54 48 

VCP 107 28 29 

MRG ALmU^TlNG GOMBXNATlbN VS MEI^^ 

Myelomatosis*" ABCM 314 61 32 

Melphalan 316 59 24 



SWOG COMPARISON OF GLUGOGORIICOID DOSE INTENSriY^^^ 

VMCP/VBAP 169 
VMCPP/VBAPP 171 

VAD 169 50 35 



VMCP/VBAP 169 36 31 

VMCPP/VBAPP 171 49 40 



• In these studies, patients had a stadsdcally significant improvement in survival with altemadng combi- 
nation chemotherapy as compared widi melphalan or MP therapy. 

t Response criteria varied between SWOG and the MRC groups but were consistent within each groups' 
Uial. *^ 



TABLE 45.4-12. Results With Combination Chemothen^ Regimens Used for 
Remission Induction in Multiple Myeloma in Multicenter Randomized Trials That Failed 
to Show a Survival Advantage With Multiagent Chemotherapy Compared With Simple 
Alkyladng Agent Regimens 

Jnvestigatians Treatment Parents Response Bate (%) Median Survival (mo) 



Argentine*'* 


MeCCMVP 


105 


46 


41 




MP 


129 


38 


39 


CALGB«"' 


MCBP (I,V.) 


156 


56 


29 




MCBPA(I,V.) 


157 


44 


26 




MP (I.V.) 


146 


47 


33 


Canadian'^ 


MCBP 


116 


47* 


31 




MP 


125 


3l» 


28 


Danish*" 


M2 


31 


45 


21 




VMP 


32 


73 


30 




MP 


33 


58 


21 


ECOG^^ 


M2 


134 


74 


-31 




MP 


131 


53 


^30 




MOCCA 


64 


75 


41 




MP 


66 


54 


45 


Norwegian*'® 


M2 


33 


74 


33 




MP 


34 


67 


33 


SECSC*'* 


BCP 


186 


49 


36 




MP 


187 


52 


36 


Italian*'* 


VMCP-VBAP 


158 


77 


32 




MP 


146 


64 


37 



McC. mediyl-CCNU; B, BCNU, (carmustine); C, cyclophosphamide; V, vmcristine; P, prednisone; A, 
doxorubicin (adriaraycin); MOCCA, melphalan, vincristine, CCNU, cyclophosphamide, doxorubicin. 
• SWOG response criteria (all others reported by Myeloma Task Force Criteria). 
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associated widi an increase in residual polyclonal immunoglob- 
ulins. However, two randomized trials comparing initial ther- 
apy with IFN-a to chemotherapy have shown IFN-a monother- 
apy .to be less active than standard chemotherapy/"**'^ 
Recombinant IFN-a has also been integrated into combination 
chemotherapy with alkylating agent and prednisone combina- 
tions.^*^ On the basis of the initial experience with this ap- 
proach, the CALGB initiated a randomized trial comparing 
the effectiveness of MP to MP plus recombinant IFN-a2-^'® 
This study, as well as that by the Myeloma Group of Central 
Sweden,^®^ foiled to show overall benefit from the addidon 
of IFN-a to melphalan-prednisone. Several more recent trials 
have also felled to show significant overall survival benefit in 
myeloma by adding IFN to commonly used multiagent induc- 
tion chemotherapy regimens. A trial conducted by ECOG eval- 
uated the addition of IFN-a2 or high-dose cyclophosphamide 
to the VBMCP regimen as. compared with VBMCP. Although 
this large, randomized trial reported a higher "complete re- 
mission" rate with the IFN-containing combination compared 
with VBMCP alone (17% versus 10%), there was no difference 
in;overall response or survival compared with the other induc- 
tion regimens tested.^^' An additional recent randomized trial 
conducted in France^^^ using the VMCPA^BAP regimen with 
pr without IFN-a also foiled to show any benefit from the addi- 
tion of IFN. 

HIGH-^DOSE CHEMOTHERAPY WITH AUTOLC>GOUS STEM 
CELL RESCUE. For more than a decade, it has been clear that 
use of high-dose chemotherapy (e.g., with intravenous melpha- 
lan at 2 to 3 times the normal dosage range) either used alone 
or with autologous hematopoietic stem cell rescue could im- 
prove the apparent "complete remission" rate for patients with 
multiple myeloma in relapse.^®* Such results have been ob- 
tained at die cost of die substantial toxicity associated with 
severe bone marrow aplasia, which routinely occurs after high- 
dose chemotherapy. A number of single institutions and 
groups since conducted studies of high-dose chemotherapy 
with melphalan or other agents along with the use of hemato- 
poietic growth fectors and autologous hematopoietic stem cell 
rescue with peripheral blood stem cells (PBSC) or bone marrow 
stem cells (BMSC) or the combination for previously untreated 
padents with myeloma. Use of hematopoietic growth foctors 
plus stem cells in general permits higher doses to be adminis- 
tered than with high-dose chemotherapy alone* and shortens 
the time required for recovery of bone marrow function after 
chemotherapy-induced marrow aplasia. These programs were 
initiated after it was determined that, in refractory patients, 
high-dose chemotherapy with autologous stem cell rescue 
could be initiated with a relatively low mortality rate associated 
with the procedure.^®*"^^® A variety of regimens have been 
used in such high-dose chemotherapy efforts. In general, pa- 
tients are first brought into at least a partial remission with 
combination chemotherapy (e.g., VAD), after which hemato- 
poietic stem cells are collected for subsequent engraftment. It 
is not dear whether tumor cell contamination of the autograft is 
more significant when PBSCs or BMSCs are utilized, although 
most groups now prefer the use of PBSCs that are obtained 
and ctyopreserved from leukopheresis collections after stem 
cell mobilization, with high doses of cyclophosphamide and 
growth foctor priming with either recombinant human granu- 
locyte-monocyte colony-stimulating . factor or recombinant 



human granulocyte colony-stiniulating foctor. In vitro tech- 
niques to enrich the graft for CD34 + hematopoietic stem cells 
as well as incubation of the cell suspension with antitumor 
drugs or monodoniJL antibodies or both have been used to 
deplete the autograft of contaminating myeloma cells,^^^ Be- 
fore performing die autologous transplant, the patient receives, 
a "conditioning regimen" such as high-dose melphalan (e.g., 
140 mg/m* to 180 mg'm^) either alone or combined with total 
body irradiation (e.g., 10 Gy). 

The interested reader should review specific research pro- 
tocols and referenced articles for tiie details of specific high- 
dose chemotherapy protocols because there are significant 
differences fix>m protocol to protocol for autologous trans- 
plantation in myelqm^. If such therapy is to be used, it 
should be administered at identified centers of excellence 
for bone marrow transplantation that have adequate person- 
nel and support resources available. Most patients receiving 
an autograft after high-dose di^otherapy are .placed on 
some form of maintenance treatment (e.g,, IFN) because 
relapse ft-om complete remission can occur relatively rapidly 
even with high-dose chemotherapy. At present,, there is no 
evidence to suggest that high-dose chemotherapy with autolo- 
gous stem cell rescue is a curative procedure. Accoitiingly, 
it is necessary to critically compare toxicity, response, and 
survival, duration outcomes .with, autologous •. transplant^ 
against more conventional dose chemotherapy approaches. 
The recent results of a randomized study by the French 
Myeloma Intergroup have suggested that riesponse rate, 
event-free survival and overall survival after high-dose 
chemotherapy for previously untreated myeloma .are superior 
to those achieved with conventional combination chemother- 
apy^290 (Pig 46.4-9). A very large intergrpup study is now 
underway in the United States and Canada (5W0G, ECOG, 
CALGB* and NCI-Canada) to definitively aiiswer the question 
of whether early use of high-dose chemotherapy with an 
autologous transplant is superior to conventional chemother- 
apy. Patients on the conventional chemotherapy arm may 
have PBSCs stored after VAD induction therapy (as is the 
case on the high-dose chemotherapy arm) with the potential 
that they may be able to receive a "late traiisplant" (at 
relapse) on the conventional dosage arm. The^refore, this 
study will address the issue of early versus lat^ use of high- 
dose chemotherapy and stem cell transplantation in my- 
eloma. In general, because of toxicity, high-dose 
chemotherapy/autologous transplantation programs are re- 
stricted to patients under age 65 who show a fovorable re- 
sponse to initial chemotherapy. Patients with other adverse 
fartors (e.g., very high serum creatinine) are often also ex- 
cluded. Because age 65 is dose to the median age at <iiagnosis 
(which usually ranges firom 62 to 67 years in various coun- 
tries), the high-dose approach is currently something that 
can be considered for somewhat less than half of all newly 
diagnosed myeloma patients. Even within this subset of pa- 
tients, it will be important to evaluate relative efficacy, toxic- 
ity, and quality of life achieved with conventional versus high- 
dose chemotherapy with autologous stem cell rescue. 

ALLOGENEIC BONE MARROWTRANSPIANTATION. Bone 
marrow transplantation (BMT) from a histocompatible donor 
has proven to be an effective means to achieve long-term dis- 
ease control or cure in patients under age 55 with some forms 
of leukemia who have a histocompatible donor available.^® 
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One of the potential benefits of allogeneic transplants above and 
beyond just the high-dose therapy and stem cell rescue is the ''al- 
logeneic effect/' which for certain neoplasms may indude a 
"graft-versus-tumor reaction" in which donor lymphoid cells 
seek out and destroy residuisd tumor cells.^^'^^Addidonally, an 
allogeneic graft from a healthy donor does not have contaminat- 
ing tumor cells. In one interesting anecdote* a healthy sibling 
donor was immunized with the myelomia immunoglobulin be- 
fore bone marrow harvest for allogeneic BMT.*^* Subsequent to 
the BMT, it was possible to recover fix)m the recipient CD4 + 
donor T cells with specificity for the myeloma idiotype. Follow- 
up is inadequate to determine whether the induction of donor 
immunity to the myeloma idiotype will potentiate the graft-ver- 
sus-myeloma effect Although only a minority of padcnts with 
myeloma fulfill current criteria for allografting, this is nonethe- 
less a procedure worthy of evaluation in formal clinical trials m- 
volvihg suitable padents referred to recognized centers for 
BMT,*'® As with autografling, a variety of conditioning regi- 
mens have been lised incorporating chemotherapy, total body 
irradiation, or both, and the reader should review primary refer- 
ences for specific details of these regimens. The European Reg- 
istry for Blood and Bone Marrow Ti^ansplantation recently ana- 
lyzed prognoistic factors important for outcome after 
transplantation from a total of 162 myeloma patients who bad 
allotransplants from human leukocyte antigen (HLA)-compati'- 
ble siblings between 1983 and 1993 at a large number of cooper- 
ating hospitals that provided data to the registry.^^ This report 
represents an update from a prior report by this grou^.*^ The 
report indudes a heterogeneous patient population ihduding 
myeloma patients treated with difiPerent stages or dinical dr- 
cumstances with respect to timing of BMT diuing the course of 
their disease, as well as receiving differing induction chemother- 
apy and differing conditioning regimens and treatments for 
graft-versus-host disease, etc. In this update, 44% of ail patients 
were reported to adlieve complete remission. Nonetheless, 



there was a high early mortality rate with about half of the pa- 
tients dying during the first year after BMT. Actuarial survival 
at 4years was 32% at 4 years and 28% at 1 years. It is not dear that 
these survival statistics are in anyway better than those achieved 
with combination chemotherapy, even at the longer time points 
(see Tables 45.4-11 and 45.4-12). Favorable &aors for long- 
term survival induded female sex, stage I disease at diagnosis 
(52% at 4 years), only one form of prior chemotherapy, and 
being in complete remission before conditioning for BMT. Pa- 
tients with IgA myeloma as well as those with a serum ^-micro- 
globulin of less than 4 g/L also appeared to do better after BMT. 
Although the time from diagnosis to transplant was not signifi- 
cant for survival, patients who were transplanted liat^ than 6 
months &x>m diagnosis tended to do worse than those who were 
transplanted earlier. The most important posttransplant factor 
was the achievement of a complete remission. The most impor- 
tant adverse factor was the development of grade III or IV graft- 
versus-host disease, which was assodated with poor sur- 
vival.^^'^ The results reported with allogeneic BMT for stage 
I patients appear to be inferior to reported results of standard 
cheinaotherapy, for \^ch the median smvh^l for stage I my- 
doma is in the range of 7 years. In general, follow-up is insuffi- 
dent to determine whether outcome is better with BMT than 
with more conservative therapy and whether patients receiving 
BMT for myeloma can be cured with this procedure as they can 
be with chronic myeloid leukemia. A major issue for stage I pa- 
tients is whether any therapy should be employed until dear evi> 
dence of symptomatic disease progression occurs. Application 
of additional prognostic £ictors, such as the proliferative index 
of myeloma cells or expression or ladi of expression of onco- 
genes or tumor suppressor genes, may assist in better identifying 
the patient groups most likely to benefit from aggressive sys- 
temic therapies, induding BMT. Development of improved 
methods for prevention or treatment of graft-versus-host dis- 
ease as well as development of methods to permit transplanta- 
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FIGURE 45«4-9. Event-free survival according to treatment 
group. The numbers shown below the time points are probabfli- 
ties of event-free survival (the percentages of patients surviving 
event-free) and 95 percent confidence intervals. (Attal M, Harous- 
seau JL, Stoppia, AM, et al. A prospective randomized trial of 
autologous hone marrow transplantation and chemotherapy in 
multiple mydoma. N Engl J Med 1996; S35:91) 
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j lion in older patients will be required before BMT can have a 
} major quantitative impact on die more general population of 
^ myeloma patients. 

TUMOR CELL REDUCTION WITH INDUCTION CHEMO- 
THERAPY, The magnitude of tumor cell reducdon with stan- 
dard chemotherapy can be assessed using the quantitative 
methods to determine response in terms of the degree of cytor- 
eduction achieved. For myeIoma» this was first achieved using 
a computer-based method in which serial measurements of the 
aihoimt of M-componerit produced per cell in vitro, intravascu- 
lar mass of M-components, and catabolic rate were inte- 
grated.^''®^ For the current standard treatment programs and 
magnitude of cell death determined from M-component-der- 
ktd measurements, the maximum degree of cytoreducdon in 
total tumor burden observed in patients treated with conven- 
d.Qiial chemotherapy rarely exceeds 90% to 99%. Despite con- 
tmued treatment, the tumor burden appears to plateau in most 
cases.^®^ Kinetic analysis of the plateau-phase population sug- 
gests that the residual tumor cells behave differently from those 
|»resent before treatment, and they are comparatively hypopro- 
liferative and perhaps less responsive to cytotoxic chemother- 
apy. Somewhat greater degrees of cytoreduction are 
achieved with high-dose chemotherapy and stem cell rescue 
(e.g., 3 to 5 logs), but in most instances, immunofixation will 
reveal the presence of a residual M-component even though 
it is not detectable with quantitative methods. Nonetheless^ as 
assessed with the polymerase chain reaction, some true com- 
plete remissions are achieved after high-dose chemotherapy 
of allografting or both. In such cases, the marrow appears nor- 
mal and the M-component is not detectable nor arc immuno- 
globulin gene rearrangements observed in circulating blood 
lymphocytes or bone marrow cells. 

With a total tumor burden in most patients in the range of 
10'^ myeloma cells or more, it is not surprising that there is 
not a strong correlation between the exact magnitude of cytore- 
duction (e.g., 75%, 90%, 99%) and overall survival. Remission 
duration after induction chemotherapy can vary substantially 
ip comparably staged patients with similar degrees of apparent 
cytoreduction and the presence of a clearly measurable residual 
M-component peak in the serum. Although the median dura- 
tion of urmiaintained remission is in the range of 1 1 months, 
linmaintained remissions after induction chemotherapy in 
some patients with stage III myeloma may last for 5 years or 
longer, This suggests that diere is an alteration in the 
residual myeloma cell population or in the tumor-host relation. 
Such observations provide the basis for seriously questioning 
whether the residual cell mass determined from M-coraponent 
levels in remission reflects the initial population of malignant 
plasma cells or a less malignant population more akin to that 
in patients with MGUS. However, patients regularly relapse 
with overt myeloma fi-om unmaintained remissions, indicating 
tiiat an underlying highly malignant monoclone persists but 
may be hidden within a population of less highly proliferative 
M-component-secreting cells. 

Analysis of the myeloma regrowth rate based on M-compo- 
nent doubling times has been carried out for patients studied 
Sequentially after a series of unmaintained remissions. Even 
in the presence of continued chemosensitivity (as reflected by 
cytoreduaion after reinstitution of chemotherapy), some pa- 
tients studied developed a progressive shortening of the M- 
'component doubling time during subsequent unmaintained 



remissions. Such observations suggest progressive loss of 
growth control with the emergence of a kinetically more ag- 
gressive tumor cell population. 

Remission Maintenance Versus 
Unmaintained Remission 

Therapeutic approaches in myeloma have usually been devel- 
oped in a fashion analogous to those for other advanced neo- 
plasms and have included remission-induction phase and re- 
mission-maintenance phase treatments. Myeloma patients who 
exhibit drug sensitivity and achieve remission usually have 
been maintained on a similar form of chemotherapy imtil the 
time of relapse. 

The useftilness of maintenance therapy with cytotoxic drugs 
has been examined in several studies with similar re- 
sultjs.?^**^*-^^ Patients achieving remission widi chemother- 
apy were randomized- to maintenance chemotherapy with MP 
or to no maintenance therapy. Patiepts randomized to no 
maintenance received alkylating agent chemotherapy again at 
the earliest evidence of relapse fas manifested by a rise in M^ 
component levels or recurrent symptoms and signs of active 
myeloma. There was no overall survival advantage for patients 
receiving maintenance chemotherapy. Continuation of con- 
ventional alkylating agent therapy for patients achieving remis- 
sion appears to offer no obvious advantage over unmaiiitained 
remission, as long as patients are follo^ved closely and have 
treatment reinstituted when there is laboratory or clinical evi- 
dence of reactivation of myeloma. In general, patients followed 
in immaintained remission should be followed monthly, with 
regular monitoring of serum and urine M-compphents to de- 
tect the first signs of relapse. Patients presenting initially with 
stage III myeloma with heavy Bence Jones proteinuria or amy- 
loidosis must be followed closely, because fulminant relapse 
from unmaintained remission can lead to irreversible compli-- 
cations unless treatment is rdnstituted promptiy at the first 
sign of dise^e reactivation* 

An approach to remission maintenance that used recombi- 
nant IFN-a was reported by the Italian Mtdtiple Myeloma 
Study Group.*^*'**^^ In this study, 70 patients with remissions 
induced with MP or VMCP-VBAP (on a randomized induction) 
were rerandomized to maintenance therapy with recombinant 
IFN-a2 or to no treatment. The IFN-ci2 was administered at 
a dosage of 5 X 10^ lU/m^ subcutaneously three times weekly. 
After 27 months of follow-iip, 8 (24%) of 33 of evaluable pa- 
tients receiving IFN-aS and 22 (59%) of 37 patients with no 
maintenance had relapsed, with a significant difference (P < 
.01) in the actuarial curves of remission duration in the two 
groups.*^* A larger smdy of IFN maintenance conducted by 
the SWOG with approximately 200 patients randomized to IFN 
maintenance or observation using 3 X 10® of IFN-a given in- 
travenously with the same schedule showed no advantage of 
IFN-a2 over unmaintained remission for remission duration 
or survival (Fig. 45.4-10). A number of additional IFN-<r studies 
for remission maintenance have subsequendy been performed 
and none of these large-scale studies has shown an improve- 
ment in overall survWal, although several suggest an increase in 
the time from start of maintenance to relapse. However, 
given that IFN-a has significatnt side effects and expense associ- 
ated with its use, there is currentiy no copensus regarding its 
use as a single agent for myeloma maintenance therapy. 
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dose (400 to 1500 cGy) versus multiple moderate dose (2000 
y to 4000 cGy) programs have shown remarkably little dififer- 
: ^nce These studies show that there is no consistent dose- 
i;:: response relationship governing pain relief following the irra- 
^:;diadon of bone metastases. The heterogenous nature of pa- 
t tients studied, however, and differences in posttreatment sur- 
:! yival times may mask such a relationship. 
^ • Some authorities conunue to recommend higher doses and 
longer courses to palliate bone metastases. The effectiveness 
■ of high-dose therapy is supported by Archangeli and Micheli, 
Who reported that doses of more than 4000 cGy effected a 
: higher complete response rate.®* Therefore, patients with a 
16ng projected survival and good performance status may be 
b^t treated by full dose (more than 4000 cGy) with conven- 
uonal fractionation. When expected survival is short, high -dose 
'■: GT long-duration therapy is not appropriate treatment because 
• symptoms from recurrent local tumor are rarely a problem. 
Cost and utilization of radiation facilities exceed the marginal 
.benefit of high-dose therapy. Additional treatments can be con- 
: i sidered if there is a relapse following initial low-dose therapy 
: in these patients. 

Preliminary smdies looking at single-dose radiation show re- 
; spbhse rates in the 40% to 60% range.*^ Complete responses 
' were infrequent. Most patients relapsed, requiring subsequent 
: treatment to the irradiated site. Single doses of radiation that 
produce equivalent short-term morbidity to standard fraction- 
ation schemes will cause more severe long-term problems; 
Thus, patients receiving radiotherapy for palliation of symp- 
toms of end-stage metastatic disease are best suited for single- 
dose regimens. Future improvement in our understanding of 
bone pain will allow irradiation to be used synergistically to 
control local factors in the pain cascade. 

Patients with disseminated bone metastases are candidates 
for hemibody radiation.^^ This is an alternative for the patients 
for whom localized treatment would be inadequate and eflFec- 
tiye systemic therapy is lacking. It is a pragmatic approach 
that eliminates the need for daily trips to the hospital over an 
extended period of time. The usual scheme includes adminis- 
tration of 600 to 800 cGy to either the upper middle or lower 
sections of the body. Pretreatment hydration, antiemetic, and 
corticosteroid therapy are important for upper body irradia- 
tion. These measures are often useRil for midbody therapy as 
well. Toxicity is tolerable; severe or life-threatening (National 
Cancer Institute grade 3 or 4) toxicity was less common in the 
lower body and midbody regions. Salazar reported significant 
complications of nausea (2%), vomiting (6%), and diarrhea 
(8%) in these groups.®^ Complications were more frequent 
after upper body treatment. Grade 3 or 4 toxicity occurred due 
to vomiting (15%), fever (4%), and hematologic dysfunction 
(32%) in patients. As expected, hematologic complications 
were worse in patients who had undergone aggressive chemo- 
therapy.^ Prostate cancer appears particularly appropriate for 
this form of therapy. Palliation of pain was persistent until 
^eath in 82% of upper body and 67% of lower body patients. 
As Zelefsky and colleagues reported, hemibody radiation yields 
qiore durable pain relief than standard fractionation without 
any greater complications.'^ 

?YSTEMIC RADIONUCLIDES 

. Systemic administration of radionuclides can be veiy effective 
in treating symptomatic bone metastases. The approach is ap- 
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pealing compared with any other local or systemic therapy. It 
treats all involved sites rapidly and selectively. TTiis reduces 
toxicity and enhances the therapeutic ratio7' Strategies in- 
clude using a carrier that seeks the tumor or a vehide that 
localizes in bone matrix.Iodlne ^'^I is the prototype, localizing 
within the well-differentiated thyroid carcinoma cells. The anti- 
neoplastic effect both relieves pain and allows for healing of 
the underlying bone lesion. High response rates are seen with 
this treatment particularly early in the course of the disease. 
Small lesions, respond better than bulk disease. Success has 
been achieved in up to 74% of patients with nodal metastases 
when sufficient radiation dose is administered (8500 cGy).^^ 
Bony deposits of thyroid cancer may be the least responsive 
site; and dosimetry is not so well defined. Proye rieportead that 
17% of active bone lesions and only 7% of all bone lesions 
responded to therapy .^^ Lesions that do not respond to ^'^I 
can then be p^ted successfully by external beapi radiation 
with little extra toa^dty. 

Bone-seeking isotopes such as are advocated for a vari- 
ety of primary cancer histologies;.^*®* These agents localiz;e in 
the mineral of bone. Actively calcifying area$ concentrate nciost 
of the isotope, just as with radionuclide sdhtigraphy . begrada- 
tion of the isotope in the host bone administers local short- 
acting radiation to the adjacent tumor cells. The low-energy 
emission ^^Sr is safer and better tolerated than high-energy 
isotopes such as ^^P-orthophosphate and others. All agents 
cause bone marrow suppression. Again, it is wone in heavily 
pretiieated patients undergoing chemotherapy. 

®®Sr has very good response rates ranging from 51 to 91%. 
Although bone marrow toxidty octurs, it is less than after treat- 
ment with other radionuclides. New isotopes such as ^®^Rh and 
other isotopes with short half-lives have interesting properties. 
They emit both yrays permitting imaging of blastic tumors in 
partial and )9 partides that confer therapeutic vahie. As in 
studies of other radioactive agents and radiation modalities, 
response rates have beeri reported to be in the 65% to 85% 
range. ®^ Two large trials have recehdy compared ^^Sr with ex- 
ternal beam conventional and single-dose regimens,^*^* The 
UK Matastron Investigator's Group smdy induded 284 proto- 
col-treated patients. Survival, overall, and dramatic pain relief 
were indistinguishable between the groups. However, ®®Sr pa- 
tients had fewer and less severe new' symptomatic lesions.^ 
These results suggest that a strategy of systemic radionuclide 
administration may be complemented by local external beam 
radiotherapy to achieve th6 optimal palliation of symptoms in 
patients with metastatic bone disease. 



BISFHOSPHONATES 




New-generation bisphosphonates may actually prevent the de- 
velopment of bony metastases. In several animal models, m- 
jected tumor cdls failed to establish colonies in bone that had 
received pretreatment by bisphosphonate.^'^' Coticeivably, 
this could translate into the dinical situation. For tumors with 
certain histologic or molecular features, bisphosphonates could 
even be considered while treating the primary tumor. A more 
conventional mode is to use the bisphosphonates to treat hy- 
percalcemia, stop bone reabsorption, and reduce pain from 
established bone metastases. Several studies have demon- 
strated isignificant reductions in "bone events*' (new bone le- 
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sions, increase in bone pain hypercalcemia, or pathologic frac- 
ture) in breast cancer patients as weU as in other paUents with 
bone metastases. This translates into real benefit: improving 
quaUty of life as weU as treating any episodes of hypercalcemia 
that may occur in Oiese patients. Repetitive treatment every 1 
to S weeks on an outpatient basis is often requh-ed to maintain 
tumor control. The bisphosphonates do not have a cytotoxic 
effect, nor do they interfere with other commonly used chemo- 
therapfeutic agents. The independent mechanism of action 
makes bisphosphonate therapy an attractive adjunct to other 
modes of treatment.®*'®* 

IMPENDING FRACTURES: PROPHYLACTIC 
FIXATION 

There is no dear definition of iinpending fracttire. The indica- 
tions for operative treatment of impending fracmres are a)n- 
troversial and waiting for refinement At Memorial Sloan-Ket- 
terine Cancer Center, a functional system has been employed 
thatLpracticalimpUcations.^'-^^'^'^Ineachrf 
four tiitumstances. major bone loss has usually been encoun- 
tered surgically and the bone was found to be essenuiUy frac- 
tured: 

. . Apainful medullary Vticlesionoccupyingmoredian.50% 
of the cross-sectional boiie diameter 
. A painful lytic lesion mvohing the cortex greater than 
the cross-sectional diameter of the bone 

• A painful cortical lesion more than 2.5 cm in length 

• A lesion* prpcjupng mechanical pain after radiation 
therapy: . : 

Keene evahiated the clinical and radiographic risk fa^rs in 
an attempt to predict pathologic fracture of the femur. This 
study, thelargest to date, evaluated 2673 breast cancer patients 
who had undergone skeletal surveys. Two hundred three p^ 
tiehts had evaluable proximal femoral metastases. Only 11% 
of 5uch patients sustained a padiologic fracture. There was^no 
difference in the patient demographics, pain pattern, or radia- 
tion response between the fracture and the no-fracture pa- 
tients. The lesion size did not predia fracture occurrence de- 
pendably. >There was the same extent of bone involvement in 
die lesions that fractured as in the ones that did not. The au- 
thors found no criteria to identify the bone at risk for fracture. 
They concluded that plain radiographic measurements are m- 
suffident to identify the high-risk lesion. The smdy was limited 
to the single anteroposterior radiographic evahiation present 
in the skeletal survey. ^ 

The scientific foundation for predicting fracture risk has 
been improved and recently summarized by Callaway and 
Healey.^ Computer modeling of the proxunal femur^m in 
viti-o testing has aUowed McBroom and associates^ • and 
Beaupr.e*°^ to predia femoral. strength more accurately. Eval- 
uating intertt-ochanteric and subtrochanteric lesions subject 
to bending forcesi they found that endosteal reabsorption of 
one. half the cortical width weakens the bone by 70% and 
leaves the patient at high fracnire risk. Unfortunately, similar 
analysis is not available for other anatomic sites. Mirels and 
associates, have proposed a graduated scoring system that 
further refines the Memorial Hospital and Harrington crite- 
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ria They include clinical and radiographic factors to gen- 
erate a composite score from 0 to 12 that correlates with 
fracture risks. Four factors were each evaluated on a 0 to 3 
scale: anatomic site, pam pattern, radiographic nature,, and 
lesion size^^^ (Table 50.4-1). The table is a scoring system 
to predict pathologic fracture. ' 

Mirels and associates investigated 78 lesions followed over 
the course of 6 months. Fifty-one lesions did and 27 did not 
fracture. There was a mean score of 7 for the nonfraaure pa- 
tients versus 10 for the fxacture patients. Fracture risk paral. 
leled an increase in the score above, but there was significant 
overlap between die groups. FoUow-up beyond die 6-month 
study period was also lacking. The incidence of late feilure and 
die necessity for additional treattnent were not discussed. The 

authors conchided that the lesions scoring below 7 could 

irradiated, whereas those wiih.a higher score should be treated 

by mtemal fbcation and postoperative irradiation. . ; i "^^0^ 

Subset analysis, was provocative. Increases in scores from 
9 to 10 were associated with a 2.5-fold increase in firactm^ 
rate up to 80%. This dramatic difference in clinical outconie '^^M 
based on a single point difference in die evaluation score is 
worrisome and negates some of the value of this system. The 
nonparamenic and subjective nature of die evahiation is also 

problematic. a-^^'^^^ 
Equally vahiable is die ability of this sconng system to predict ,;pgg^ 
which lesions would not fractiire. The fixture rate was sm^ v^^^ 
(5%) when the lesion was less than two thirds of the bone diame^^^^^ 
ler, but it increased to 81% for lesions larger dian two durdj^^ 
the shaft diameter. They stressed that standard radiograp^^gte 
are inadequate to grade many lesions and recommendedlh^^^p5 



use of CT scan to improve diagnostic accuracy. Mirelsalsp.j^^ 
emphasized die important distinction between pain md ' ^^^^ 



emphasized tne imponant cusuncuwn u^^^^.^^ T»T^ i^-^^^^ 

tional" pain: The fimctional or mechanical pain was diat wfaidi^^^ 
worsened widi weight-bearing. It reflects structural msuflgl^^ 
ciency and was die most significant indicator of bone Wi^j^^ 
enjoying ahnost uraversal success in predicting fracture. L^^^ 
sions measuring greater than twice the bone diameter w^|^i^. 
associated whh mechanical, functional pain. Fracoire prorajW' 
ity m patients with smaller lesions was only 10%. ' 



TABLE 50.4-1. Scoring System to Predict 
Pathologic Fracture .- , 
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Paints 



Variable 
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Site 

Pain ' ' 
Radiograph 
Size {% of Shaft) 



Upper . 
extremitjr 
Mild 

Elastic 
0-33 



Lower . . 
extreixiity 
Moderate 
Mixed 
34-67 



Pertrachad|^' 
Mechanical-^ 

68-100 , 



Score 



Patients 



Fracture Rate i 



0-6 
7 
8 
9 

10-12 



11 
19 
12 
7 
18 



■m 

•rum 
M 



2644 



Chapter 51,3 Bom Marraw Dysfunction m the Cancer PaHent 



Radiation involving the pelvis or spine is particularly problem- 
atic because of the large volume of marrow in those bones. 

^Clinical Trials With Erythropoietin^ 

Use of EPO in anemia associated with cancer has been exten- 
sively investigated,^"** Trials have been conducted in patients 
with anemia due to marrow involvement with lymphoprolifera- 
tive disorders®^; myelodysplastic syndromes, or solid tumors; 
and in patients developing anemia after chemotherapy^^^, 
autologous transplantation,^^ allogeneic transplantation,^^ or 
uradiation therapy^', and in. patients with anemia of cancer. 
Responses, generally defined as an increase in hemoglobin or 
a decrease in transfusion requirements, are quite high in most 
groups of patients, typically in the area of 50%.^*'^"''^* Lack 
of response correlates with high pretreatment serum level of 
endogenous erythropoietin. Response has been associated with 
improved performance status and quality of Ijfe.T^ Hcfweyer, 
despite the high response rate and the apparent reduction in 
transfusions, EPO therapy is. expensive, and additional cQSt- 
benefit studies are needed.^^ 

Clinical Pharmacplogy of Erytitropoietin in Cancer 
Patients 

The ideal dose and schedule of EPO for treating' anemia of 
cancer or anemia of chronic disease (excluding chronic renal 
disease) are not yet known, although some general comments 
can be made. Subcutaneous administratioh three times weekly 
appears to be at least as effective as daily intravenous adminis- 
tration. Higher doses are not clearly better than lower doses, 
but there is a threshold effect, and intravenous doses less than 
100 U/kg and subcutaneous doses less than 50 U/kg may be 
associated with lower response rates. A reasonable approach 
would be 50 to 100 U/kg three times weekly by subcutaneous 
injection, which could be increased to 300 U/kg after 6 weeks 
without response. Late responses are fairly common, tod 9 
weeks of therapy or more may be required in some responding 
patients. Since many patients fail to respond even to higher 
levels of EPO, there has been considerable interest in predict- 
ing early in the course of treatment who is likely not to respond. 
Several algorithms have been generated and suggest that fail- 
ure to inaease hemoglobin by more than 0.5 g/dL or serum 
ferritin more than 400 ng/mL after 2 weeks of treatment pre- 
dict for feihire.^® Iron deficiency will prevent response to eryth- 
ropoietin and should be considered in selected nonresponsive 
patients.'® Finally, most studies so far have involved concurrent 
administration of EPO with chemotherapy or radiation. Other 
schedules where EPO is given before or at the end of chemo- 
therapy are being investigated. 

Cisplatin-Associated Anemia 

Approximately 40% of patients receiving cisplatin chemother- 
apy develop anemia and many will require transfusion. Studies 
of EPO administration to treat cisplatin-induced anemia have 
generally been positive, even in elderly patients.'*-'*'®"^ Henry 
and Abels^ perjformed diree randomized double-blind, pla- 
cebo controlled trials of EPO for anemic cancer patients not 
receiving concomitant chemotherapy, patients receiving 
chemotherapy that did not include cisplatin, and patients re- 
ceiving dsplattn-contatning chemotherapy. Patients not on 



chemotherapy received 100 U/kg three times weekly, whereas 
those on chemotherapy received 150 U/kg three times weekly. 
Overall, the trials involved 413 patients. Patients receiving EPO 
in all three trials had a statistically significant increase in hema- 
tocrit compared with placebo-treated patients.^ Quality of life 
improved significandy for EPO-treated patients with an overall 
response rate of about 50% in all three groups: Similar results 
were reported by Cascinu and coworkers,^® who performed a 
randomized, double-blind trial with EPO versus placebo in 100 
patients with dsplatin-assodated anemia (hemoglobin less 
than 90 g/dL), administering EPO at 100 U/kg subcutaneousiy 
three times per week. After 9 weeks of therapy, the mean hemo- 
globin level of the EPO treated group was statistically different 
from placebo patients (EPO patients went firom a baseline of 
8.6 ± 0.6 to 10.5 ± 0.9 g/dL at 9 weeks, whereas placebo 
patients went from a baseline of 8.7 ± 0.5 to 8.1 ± LI g/dL 
at 9 weeks). Also, 6nly 20% of EPO-tt^ated patients reqmred 
blood transfusion versus 56% of placebo-treated patients. No 
significant side effects of EPO treatment were encountered. 
Another multicenter, double-blind, placebo controlled trial was 
conducted by Case and coworkers,^^ who randomized 153 ane- 
mic cancer patients receiving cyclic chemotherapy to EPO, 150 
U/kg three times weekly, or placebo. EPO-treated patients had 
a statistically significant increase in hematocrit and a trend 
toward lower transfusion requirements. Again, no significant 
side effects were encountered. Overall, these mixluple, ran- 
domized, controlled trials indicate that EPO is safe and effec- 
tive for therapy of both chemotherapy-assodated and 
non-chcmotherapyrassodated chronic anemias in patients 
with solid tumors. Treatment reduces need for transfusion and 
improves quality of life for many patients. 

Anemias Associated With Myelodysplastic 
Syndromes 

The role of EPO in treating anemia associated with hemato- 
logic malignandes is somewhat less clear, particularly for the 
anemia of myelodysplastic syndromes (MDS), Most studies re- 
ported to date are uncontrolled and have induded only small 
numbers of patients."^"^* The response rates tend to be less 
than 25%, although a few patients will respond to higher doses 
of EPO.?^ A recent metaanalysis of 205 patients with MDS from 
1 7 different studies found an overall response rate of only 16%, 
with a particularly low response rate in patients with reflectory 
anemia with ringed sideroblasts (RARS, 7.5% response rate). 
Factors which prediaed for a low response rate were transfu- 
sion dependence, high serum erythropoietin, and RARS. Sev- 
eral smdies have looked at sequential or combined use of a 
myeloid growth factor widi erythropoietin,*^®^ but responses 
are not clearly higher with the doses and schedules studied so 
&r. As is the case for the anemia of cancer, late erythropoietin 
responses may be observed,®' making long courses of therapy 
necessary in clinical triab. At the present time, erythropoietin 
appears to benefit only a small number of patients with MDS, 
primarily patients with low serum erythropoietin levels and 
minimal transfusion requirement. Additionsd clinical trials that 
indude cost-beneRt analyses are needed in MDS. 

Use of Erythropoietin in Bone Marrow 
Transplantation 

EPO treatment has not proved to be useful so far for treatment 
of anemia assodated with bone marrow transplanta' 
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tion.^^'^^'.^^^ Three randomized, controlled studies have ex- 
amined erythropoietin versus placebo after autologous or allo- 
geneic transplantation.^®'®*'®' Biggs and coworkers gave 
erythropoietin (300 U/kg IV three times weekly) or placebo 
to 91 patients undergoing allotransplantation. There was no 
reduction in red blood cell or platelet transfusion requirement 
and no reduction in hospital stay."'® Link and colleagues ran- 
domized 1 07 patients undergoing allotransplantadon to eryth- 
ropoietin (150 U/kg/d by continuous intravenous infusion) or 
placebo until patients reached V days of transfusion independ- 
ence or day 41.^' The time to transfusion independence was 
reduced by erythropoietin fix)m 27 to 19 days, but the number 
of transfusions required in the peritransplant period was simi- 
lar, Erythropoietin-treated patients had a somewhat smaller 
transfusion requirement from days 42 to 100. The same group 
conducted a randomized trial of identical design with 57 pa- 
tients undergoing autologous transplantation.®' No difference 
in transfusion requirement was observed, Chao and colleagues 
conducted a placebo controlled trial of erythropoietin (600 
y/kg three times weekly) starting treatment 3 weeks before 
autologous bone marrow transplantation in 35 patients with 
lymphoma.®* All patients also received G-CSF after marrow 
reinfusion. No differences were observed in transfusion re- 
quirement or hematopoietic recovery. Similar results were re- 
ported when erythropoietin was combined with GM-CSF in a 
nonrandomized stutty of autologous marrow transplantation 
with historical controls.®^ In a novel approach, Mitus and col- 
leagues treated both allogeneic marrow donor and recipient 
with erythropoietin.®* The donors were phlebotomized a me- 
dian of 6 U of blood over a 6-week period. Using this appivach, 
5 bf 11 patients undeiwent transplant using only donor-de- 
nved red blood cells. However, in geheral terms, erythropoie- 
tin has been of only very modest benefit in the mairow trans- 
plant setting. 

. Overall, erythropoietin has an important role in the therapy 
ojr anemia in some cancer patients. In the individual cancer 
. patient, the clinician needs to look carefully for treatable causes 
6t anemia such as iron deficiency or blood loss, consider the 
underlying illness and other Actors, such as the serum EPO 
level, to determine if a course of EPO treatment-is warranted. 



liSE OF HEMATOPOIEnC GROWTH FACTORS TO 
^REDUCE CHEMOTHERAPY-ASSOCIATED 

s i^mo^ 

y^yjdosuppression Associated With Standard Dose 

l^/^eutropenia and infection are major causes of morbidity and 
||tejortality in cancer patients and are dose^imiting for. many 
ply|?es of chemotherapy. It is standard practice to treat all neu^ 
' licopenic, febrile patients with broad-spectrum antibiotics, even. 
I^though many patients do not have documented infections. This 
f Adversely affects quality of life, increases hospital costs, and 
|Mso often results in reduction of chemotherapy doses for subse- 
iient cycles. Reducing the incidence of febrile neutinopenia 
|g*d infection are major goals of CSF therapy in this setting. 
||,G-CSF. 0-CSF has been extensively investigated in clinical 
J as an adjimct to cancer chemotherapy. The initial phase I- 
htudies in bladder cancer and small cell lung cancer patients 



established that G-CSF administration by either subcutaneous 
or intravenous routes caused a dramatic, dose-dependent in- 
crease in blood neutrophil counts. Data from numerous phase 
I-II studies predicted that administration of 6-CSF follQwing 
standard-dose, myelosuppressive chemotherapy would shorten 
the duration of neutropenia, but it was .not dear fh)in these 
early trials if this would tr^late into dmical benefit. The effi- 
cacy of G-CSF has now been establisheti in a series of random- 
ized, controlled, clinical trials in which the chemodierapy was 
sufficient to cause febrile neutropenia in more than 40% of the 
control group. A pivotal trial was conducted by Crawforjl and 
coworkers,®® who randomized patients with small cell Iimg can- 
cer to receive G-CiSF.or placebo after a myelqsuppressive regi- 
men, containing cydophosphamide, doxorubicin, and etopp- 
side (CAE). The inddence of febrile neutropenia was 
significantly reduced in patients receiving GCSF. Further, 
length of hospital stay, inddence bf confirmed infections, and 
days of antibiotic use were reduced by about 60%.^ In general 
terms, the results of this study have been confirmed by three 
other randomized, controlled phase III studies: one in small 
cell lung cancer patients receiving CAE chemotherapy'^; one 
in which patients with non^Hpdgkin's lymphoma received vin- 
cristine, doxorubicin, prednisolone, etoposide, cydophospha- 
mide, and bleomydn\^^; and. a third study in which patients 
with various types of cancer received several different chemo- 
therapy regimens. In none of these randomized studies was 
there a dear difference in mortaUty, tumor, response rate, or 
survival. Thus, despite the faa that some epithdial tumor cells 
express G-CSF receptors, there does no% appear to be any ad- 
verse effect of G-CSF on tumor growth when given with chemor 
therapy. In these randomized studies, the toxicity of GrCSF 
was minima] and generally limited to mediillar^ bone pain, 
whidi can usually be relieved with analgesics. 

The timing of G-CSF after chemotherapy has been investi- 
gated in patients receding melphalan (S5. mg/m^).''^ Delaying, 
administration to 8 days after completion^ of chemotherapy 
appeared to be somewhat less effective than immediate admin- 
istration, and it is now- general practice to start G-CSF 24 to 
48 h after completing chemotherapy administration, typically 
continuing until the tieutrophil count has recovered to 
10,000//£L. However, adminis^tion of G-CSF for a defined 
period of only 7 days had benefit®* 

GM-CSF, Administration of GM-CSF after standard dose 
chemotherapy has also been extensively evaluated, and most 
studies indicate potential benefit. In phase I-II studies wher.^ 
GM-CSF was administered in alternate cydes, shortening of 
the duration of neutropenia has been observed.®** In larger, 
randomized, placebo controlled studies, however, benefit has 
in some case^ been limited to subsets of patients/ °^"^**^ and 
the ability of GM-CSF to reduce the inddence of febrile neutro- 
penia and infection in this group of patients is somewhat less 
well established than for G-CSF. In preliminary results from a 
randomized stiidy in patients with small cell lung cancer receiv- 
ing CAE chemotherapy, for example, GM-CSF reduced the 
duration of neutropenia, but not the inddence of febrile neu- 
tropenia, days in hospital, or antibiotic use. Similarly, in a ran- 
domized trial of GM-CSF in patients with germ cell cancer 
receiving vinblastine, ifosfamide, and platinum, no significant 
beneficial effects were seen. 



TABLE 54.1-15. Adjuvant Analgesics in the Management 
of Cancer Pain 

ABJUVA^^r DRUGS NEUROPATmC PAIN 

Antidepressants 
Anticonvulsants 

Oral and cutaneous local anesthetics 

Corticosteroids 

Clonidine 

; Benzodiazepines ' . 

• Neuroleptics 

; tts-Adrenergic agonists 

- NMDA antagonists 

[ Calcitonin 

ADJUVANT DRUGS FOR BONE PAm 

Biphosphbfiates 
> pallium nitrate 

Calcitonin ^ 
; 5trontiuhi-89 

^JuVANTS TO TREAT' SID£ EFFECTS 

Andem'etics 
Compazine 
Metadopromide 
Ondansterqn 

Psychostimulants 

CaSeine ' 

Meth^lphenidate 

Dextroamphetamine 
Laxatives 
. Seniia 

ADJUVANTS TO ENHANCE ANALGESIA 

Acetaminophen . 

NSAIDs 

Hydroxyzine 



guidelines for their use, sequential drug trials are necessary to 
identify the most usefiil drug and dose titration to find a safe 
effective dose. Table 54.1-15 lists the commonly used adjuvants 
and their therapeutic categorieis: 

ADJUVANT ANALGESICS FOR NEUROPATHIC PAIN. 

The common neuropathic pain syndromes in patients with 
cancer include injury to peripheral nerves aiid plexus by tumor 
invasion, diemotherapy, surgery, or viral agents, Depending 
on the intensity of pain, nonopioid and opioid analgesics are 
the first-line agents. However, as previously discussed, there is 
evidence to suggest that such neuropathic pains are less re- 
sponsive to nonopioid arid opioid approaches. Some of the 
commonly used adjuvant drugs for managing this population 
of padents are described in die following paragraphs. 

Antidepressants, The tricyclic anddepressants (TCAs) may be 
the most useful group of psychotropic drugs used in pain man- 
agement ^29.130 Thdr analgesic effects are mediated by en- 
hancement of serotonin acdvity. Data from controlled trials 
indicate that bodi the tertiary amine TCAs (amitriptyline, dox- 
epine, imipramine. and clomipramine) and the secondary 
amine compounds (desipramine and nortriptyline) have anal- 
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gesic effects. More recently, one of the serotonin selecdve re- 
uptake inhibitors (SSRIs), paroxetine, has also been shown to 
have analgesic properties in padents with neuropathic pain."* 
These drugs have been reported to be effective to treat both 
continuous dysesthesias and intermittent lancinating dVses- 
tiietic pain. The doses used for analgesia are far below those 
needed to produce an antidepr^saht effect The analgesic 
properties of these drugs ajppear to occur independent of their 
mood-alteriiig effects. Patients should be started on low doses 
of 10 to 25 mg and titrated up to zichieve adequate analgesia 
in a 2- to 4-week trial. Blood levels should be measured to 
determine both patient compliance and drug absorption be- 
cause of wide indhddua) variation. Patients who are tinabie to 
tolerate amitriptyline, or whb are predisposed to its sedative, 
anticholinei^ic, or hypotensive effiw:t3, should be considered 
for a trial with a secondary amine TCA or an SSRI such as 
paroxitene. In the management of cancer patients with pain, 
the antidepressant dmgs, are the first-line therapeutic ap- 
proach for neuropathic pain, and eyery attempt, should be 
made to provide the patient with a several-wcek trial before 
disjcontinuing the^ drugs. 

AfOkmvidsarai. TCe role of anticonvulsants m the manage- 
ment of patients witii neuropathic pam is based, in part, on 
the feet riiat die mode of action is to stabilize membranes and 
altering sodium and calcium influx.^®* Many of these patients 
complaih of brief paroxysmal lancinating pains. To da:te, ditii- 
cal experience with the anticonvulsants and baclofen has been 
positive. Hie drugs most <x)nm(ionly used mdude carbamaz- 
epine, phenytoin, valproate, dbnazepam, and gabapentin. 
Clinical experience is greatest with darbemazkpine, but die util- 
ity of this drug in the cancer population is limited by its potent 
tial to produce borie inarrowsuppressioii, partieularly leukbpe- 
nia. The dosing giiidelines used for the treatment of seizures 
are suggested in managing neuropatiiicpain. Each of the drugs 
should be initiated at low doses and gradually titrated upward. " 
Anecdotal experience suggests that using intravenous loading 
doses of phenytoin for patients in an acute crisis with sev^ 
lancinating jJain may be of clinical v^ue. There are no data to 
rdatc the plasmia level and pain relief witii any of diese drugs. 
As previously stated, sequential trials iar6 necessaiy to identify 
die most usefiil agent. With the use of baclofen, which is gefaer- 
ally well tolerated, doses should begin at 5 mg 2 or 3 times a 
day widi titrations upward, with die highest reported doses 
between 100 to 150 mg per day titrated to the individual re- 
sponses of the patient. 

OrdLtKol Anesthetics. The use of bodi brief intravenous local 
anesthetic infusions and maintenance oral anesthetic drugs has 
demonstrated some efficacy in the management of chronic 
neuropathic pain, particularly in those patients with bodi lanci- 
nating and continuous dysesdiesias.- Mexilitine is the oral local 
anesdietic for which there are pilot data to support its analgesic 
efficacy."* The initial dose of mexilitine is low, at 150 mg/d, 
with gradual upward dose titration. Electrocardiograms should 
be monitored at higher doses, and blood levels of mexilitine 
may be useful to prevent toxidty. Alternatively, die use of brief 
intravenous infusions of lidocaine may be helpfiil in patients 
who have an opioid-refractory continuous dysesthesia that has 
not responded to an- antidepressant or anticonvulsant."^ 
There are no good data available to predia what patients might 
respond to the use of oral local anesthetics, aldiough data are 
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available for the of brief local anesthetic infusions to deter- 
mine control of cardiac arrhythmias. These drugs clearly serve 
as a second-line approach, with individualized therapy the rule. 

Cvimeous Local Anesthetics. The use of cutaneous anesthesia 
has been suggested to be mpst helpful in padents who have 
significant allodynia and marked hyperesthesia. The use of the 
topical application of a local anesthetic such as £MLA (eutectic 
mixture of local anesthetics) has been demonstrated to be effi- 
cacious in padents with postherpetic neuralgia.'^® The use of 
'high-doncentration.fidQcaine (5% and 10%) has also been re- 
ported to be effective ih this populadon of padents.^^^ The 
cream, should be appliied under an oGchisivci dressing to in- 
crease skin penetration and augment analgesic efiEcacy. . 

Corticosteroids. A sieries of controlled and uncontrolled sur- 
vieys have clemonstrated the use of chronic steroid therapy to 
redube pain in patients with breast and prostate cancer arid to 
improve quality crflife.^^^*^ In a controlled study of cortico- 
steroid use in patients with far-advanced disease, transient im- 
provement in appetite, ;analgesia, and mood were noted, but 
they Tvere not sustained after the initial effect.^*^ The major 
indib^tipns for corticoste^id use include refractory neuro- 
padhiqpain, bone pain, pain associated with capuiar expansion 
or diict obstruction, and headache due to increased ipteraianial 
pressure. In certain. j;anGer pain syndromes, such as epidural 
cord:a>inpression, 85% of patients receiving 100 mg of dexa- 
methasone as part bf their radiation therapy protocol reported 
sigijificant pain relief associated with marked reduction in anal- 
gesic requirements, Sinoilarly, in patients with tumor infiltra- , 
don of the brachial and lumbosacral plexus, steroids provide^ . 
additive analgesiceffects. Th^ risk of adveras effects associated 
with corticosteroid therapy varies with the duration. Long-term 
lise may be associated with GI toxicity and acute psychosis. A 
wide range of doses has been ^ggested, including doses of 30 
nig/d in patients with prostate cancer, which was effective in 
providing improved quality of life and reduced pain. As stated, 
inih epidural cord compression, initial doses of 100 mg with* 
maintenance doses of 1 6 mg have been assodated.with effectiye 
m^gesh. In my experience, the use of 16 mg as a. loading 
bolus and rapid titration to low^r doses of approximately 4 
ing/d is one apjproach commonly used in the refractory chronic 
pain patient with adyancet} disease, : . . ' 

Other Adjuvant .Driiis. A wide variety of dther drugs have 
been used to mkhage neuropathic pain, including clonidme, 
benzodiazepines, neuroleptics, lo^adrenergic agonist drugs, 
NMDA. antagonists, and peptides.^ ^'^^^ Of the benzodiaze- 
pinies, doliazepam is commonly used in patients with lancinat- 
ing, or paroxysmal, pain The use of these drugs must be 
balanced with their potential for somnolence and cognitive im- 
pairment They serve as a second- to third-line therapy in pa- 
tients who have not responded to antidepressant or anticonvul- 
santrdrug therapy. 0£ the neuroleptics, pimozide has been 
repOFted to be analgesic in patients with trigeminal neural- 
gia^ ^^?Methotrimepraziile has been demonstrated to have an- 
algesic properties comparable to inorphine.^^ This drug has 
sedative,: anxiolytic, 'and antiemetic properties and is com- 
monly used in patients who have excessive opioid side effects. 
Irprovides analgesia by a nonopioid mechanism. Coadminis- 
trdStioin.of the^e: drugs With opioids can often be effective in 
patients'withmeuropathic pain. Of the ci^-adrenergic agonist 



drugs, clonidine has been demonstrated to be analgesic in con- 
trolled trials. It can be used by either the oral or transdermal 
route and has been reported to be specifically effective in pa- 
tients with dysesthetic jpain who demonstrate sympiathetic hy- 
peractivity. Dextromethorphan and ketamine are two commer- 
daily available NMDA antagonists. Both have been shown to 
have analgesic effects in controlled smdies of experimental 
pain.*^''*' The mechanism of action relates to the faa that 
the NMDA receptor reduces the development of the wind-up 
phenomenon, which occurs as a result of changes in the re- 
sponse of central dorsal horn neurons with neuropathic 
pain.^^ Case reports have suggested that dextromethorphan 
has been benefidal in selected patients, although a controlled 
trial of low-dose dextromethorphan is negative. The drug may 
be initiated at doses of 40 to 60 mg daily and gradually esca- 
lated. Doses of 1 g have been administmd safely, at least Jn. 
the short term. The use of ketamine infiisions have been previ- 
ously well established to produce analgesia, and they have been 
recentiy reintroduced into dinical use as brief infusions for 
the management of patients with refractory neuropathic pain, 
piiither studies are necessary to demonstrate the safety and. 
efficacy of these treatment approaches in long-term manage-. 
ment for chronic neuropathic pain. 

CakitOnin has been reported to provide analgesia in patients 
with ^yinpathetically maintained pain an^ in the management 
of acute phantom pain.'^^ The mechanism underlying these- 
aiialgesic effects is unknown, but it has suggested the empirical 
u^ of caldtonin in patients with refractoiy neuropathic pain. 
The clinical anecdotal literature suggests that patients b^;. 
tireated initially with a low dose, after initial skin testing to rule 
out hypersensitivity to this agent, with gradual escalation to a 
range of 100 to 200 lU/d. Its use dirbnlcally has not heaai 
ailsessed, and further studies are necessary, to define its place 
in the treatment of patients with neuropathic pain. 

ADJUVANTS FOR BONE PAIN. Metastatic disease to bone4s J 
the most common cause of pain in patients with cancer. Analge-i 
sic drug therapy is commonly used to manage the pain during y: 
the initial treatment with either chemotherapy or radiati0jf?,^. 
therapy. Multifo<^ metastatic bone disease that is refractprgj i£ 
to routine treatments may benefit from tiiie use of a serieS;/sf 
agents, induding the bisphosphooate compounds, galliimi n|t^.V;^ 
trate, caldtonin, and strontium 89. ^ The current bisphosir- 
phonates used for the treatment of bone pain indude pamidro:' 
nate. and donidronate,'^°"^^ Pamidrbna te is usUajfyi :0 
administered as a brief ihfiision in a startmg dose of 60 nj^. , .^5; 
Analjg;esia, if it occurs, usual^ appears within days, but m^yj. : 41 
accrue for many weeks with repeated infusions. ClonidroiMtie^ | 
may be administered orally and has been demonstrated to be^^ 
efficadous in patients with breast cancer and multiple i^y^^pj^ 
eloma. Caldtonin has also been reported anecdotally to' be^^^^^^:^^ 
useful in patients with malignant bone pain, but the approphf;^ 
ate dose and dosing frequency have not been well d^ne4^^^; M 
Gallium nitrate has also been used with some efficacy in pa- : 
tients with metastatic bone pain,. but the limited experience: .^i 
has not well defined appropriate dosing guidelines.^** Strofl4j JiS 
tium 89 is a bone-seeking radiopharmaceutical, recognized : 
useful in the treatment of bone pain secondary to metastatiei 'J.^;. 
disease.^*^ It is indicated in patients with refractory multifodaiiH|^ 
pain due to osteoblastic lesions who have a Me'expectanGj^>{||| 
greater than three months, who have suffident bone maii:^^^ 
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rally). Hemangioma regression with interferon-«-2a is less dra- 
matic than in cases in which the lesion is highly responsive to 
corticosteroids. 

Interferon 'a^2a is less toxic in infants and children than in 
adults, and its toxic elBTects are usually reversible. These inchide 
fever, transient neutropenia, anemia, and elevation of liver en- 
zymes.^^ Most infents on interferon cr-2a seem to gain weight 
and grow normally in contrast with infants on prolonged corti- 
costeroid therapy. A more problematic possible adverse reac- 
tion is increased motor tone of the lower extremities reported 
in some children receiving interferon for laryngeal papillo- 
mas.^ A neurologic developmental evaluation is curreridy ad- 
vised before beginning interferon therapy, and periodic assess- 
ments during and after therapy. In my own experience to date, 
of 58 infants treated with interferon c^2a for life-threatening 
or sight-threatening hemangiomas, 5 had a delay in walking, 
2 of whom recovered after discontinuation of therapy. Combin- 
ing corticosteroids and interferon af-2a therapy has shown no 
advantage and may increase toxicity. Interferon-as2b has also 
been used successfully/^ although one failure has been re- 
ported.^ 

I measured bFGF in the urine of hemangioma patients, be- 
cause of the overexpression of bFGF (and VEGF) in growing 
hemangiomas^' and because bFGF is elevated in the serum and 
urine of a wide variety of cancer patients. I found abnormally 
elevated levels (more than 5 to 10 times normal) of bFGF in 
patients with hemangiomas, and these levels are bdng used to 
guide tiierapy and to distinguish between hemangiomas and 
vascular malformations in an ongoing prospective study (Folk- 
man and coworkers, unpublished). These results are comple- 
mented by those of Singh and coworkers, who found that 
interferon-ar downregulates mRNA and protein for bFGF, and 
by the studies of Fidler (personal communication) that kera- 
tinocytes overlying growing hemangiomas are deficient in iii- 
terferon-yS, but that interferon-)? levels return to normal when 
the hemangioma involutes. Taken together, these data suggest 
that hemangiomas may be associated with a deficiency of an 
angiogenesis suppressor and that treatment with uitezferon-cr- 
2a is analogous to replacement therapy. Expression of bFGF 
in human bladder carcinoma cells was also downregulated by 
interferon-a,^^^ This suggests that in those bladder cancers 
responsive to interferon-a the mechanism may be due in part 
to inhibition of angiogenesis as a result of downr^gulation of 
bFGF production. 

From these clinical studies, some general guidelines about 
antiangiogenic therapy have emerged; 

1. Long-term therapy is necessary. While the regression of 
large serious hemangiomas was markedly accelerated (1 
year, in contrast with 5 to 12 years by spontaneous involu- 
tion), antiangiogenic therapy is a relatively slower process 
than cytotoxic therapy of a tumor. 

2. Antiangiogenic therapy should not be interrupted, be- 
cause of the capacity of microvessels to rapidly regrow. 
In a few patients in v^om the schedule for interferon-a 
was changed from a daily injection to every other day, 
the hemangioma resiuned growth and platelet trapping 
worsened. 

3. Drug resistance does not appear to be a problem even 
with long-term therapy. 

4. It was not unconunon to observe continued, although 
slowed, growth of a large hemangioma (e.g., a hemangi- 



oma of approximately 0.25 kg on die back of a 3.5 kg 
baby) for up to 2 weeks after interferon therapy was 
started, before the accelerated involution began. This 
could be the result of storage sites of bFGF in the extracel- 
lular matrix. Nevertheless, the implication is that in a 
clinical trial of an angiogenesis inhibitor against a tumor, 
such a pattern would be interpreted as "progression of 
disease,'* and the inhibitor would be discontinued before 
its efficacy could be demonstrated. 

. CIJNICALTRIAI5 OF THE FIRST 'SELECTIVE'' 
ANGIOGENESIS INHIBITOR, TNP-470 (AGM-1470) 

In 1985, Donald Ingber, in my laboratory, discovered that a 
fiingal contaminant, Aspergillus Jurmgoius firesemus inhibited 
growth of capillary endothelial cells in culture.* The active 
compound secreted by the fungus was fiiinagiliin, an old ameb- 
odde. It inhibited endothelial proliferation in vitro and angio- 
genesis in vivo. A synthetic analogue of fiimagillin, angio- 
genesis modulator-1470 (AGM-1470) was a more potent 
angiogenesis inhibitor than the parent compound and was 
nontoxic. Systemic administration of AGM-1470 inhib- 
ited ocular angiogenesis in rabbits and inhibited tumors in 
mice, rats, and rabbits (including human tumors in athymic 
mice) with littie or no toxicity. Picomolar concentrations 
of AGM-1470 specifically inhibited proliferating endothelial 
cells, but concentrations 100 to 10,000 times higher were re- 
quired to inhibit growth of most tumor cells. AGM-1470 ap- 
pears to be rapidly cleared from the blood. ^ ^ ^ Therefore, AGM- 
1470 is an angiogenesis inhibitor highly selective for endothe^ 
Hal cells, although it is not a specific inhibitor like angiostatin. 

Phase I clinical trials began in late 1992 in patients with 
cancer and Kaposi's sarcoma. {The clinical preparation is TNP- 
470 (Takeda eoplastic Product-470).] FDA-approved dose- 
escalation studies were then extended to the treatment of meta- 
static carcinoma of the prostate and cervix^ and other solid 
tumors. Therapy was administered intravenously for 1 h every 
other day. At this writing, approximately 170 patients with ad- 
vanced cancer have been treated in phase I trials in different 
cancer centers in the United States. Kudelka recentiy reported 
a dose-escalation study (from 9:3 mg/m^ to 71.25 mg/m^) in 
18 patients with advanced squamous cell carcinoma of the cer- 
vix, not otherwise curable. ^ TNP was infused every other day 
for 14 doses, followed by a 14-day rest period. One complete 
response (CR) was noted at 71.25 mg/m^ a dose level at which 
dose-limiting CNS toxicity was also observed. The complete 
response occurred after 18 weeks. Bilateral lung metastases 
(biopsy proved to be cervical cardnoma) had disappeared by 
this time. The complete response has continued for 1 year and 
5 months at this writing, and the patient continues on therapy 
without toxicity. 
The lessons from this study are as follows: 

• The long period for efficacy to be observed 

• The absence of drug resistance over this period 

• The general lack of toxicity (even though this patient was 
on a dose that was at the level of dose-limiting toxicity, 

OTHER ANGIOGENESIS INHIBITORS IN CLINICAL 

TRL\LS 

Other angiogenesis inhibitors have entered clinical trials for 
patients with advanced cancer. These include carboxyaminotri- 
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azole, a signal transduction inhibitor which blocks calcium in- 
\flux^^^ Tecogalen (DS4152), a sulfeted polysaccharide^^*; Li- 
/ nomide (quinoline-3-carboxamide)^ thalidomide^ ^; BB25 1 6 
(British Biotechnology 2516), a metafloprotSnase inhibitor 
which also inhibits angiogenesis^*^ and interleukin-12.''^ It is 
too early to summarize the results of these trials. 

PRINCIPLES OF ANTL\NGICX3ENIC THERAPY FOR THE 
DESIGN OF CLINICAL TRIALS • 

When the experience with antiangiogenic therapy of tumor- 
bearing animals is taken together with data from the early clini- 
cal trials of angiogenesis inhibitors in patients with advanced 
cancer, certain general guidelines emerge which may be help- 
ful in the design of clinical trials. 

First, the goal of andangibgenic therapy is to restore a focus 
of migrating and proliferating capillary endothelial cells to 
their normal resting state. Thus, the more selective an angiogen- 
esis inhibitor Is for endodielial cells, the less likely it is to cause 
bone marrow .suppression, gastrointesdnal symptoms, or hair 
loss. This is not to say that such drugs would have no other 
acdons and not produce side effect. For example, TNP-470 
has dose-limidngCNS toxicity. However* angiostadn is ^specific 
inhibitor of endothelial cell proliferadon and has no effect on 
other cell types.' ' TTiis narrow specihdty may contribute to its 
complete lack of toxicity in animals at this writing. 

Second, opdmal andangiogenic therapy appears to requure 
treatment for months to a year or more, without a break* 
Regression or involution of a rapidly growing capillary bed is 
a slower process dian lysis of tumor cells. Thus, in the design of 
clinical trials, antiangiogenic therapy may need longer periods 
without a break than do conventional cytotoxic agents. There- 
fore, an endpoint for evaluation of efficacy at the beginning 
of a clinical trial may need to be "stable disease," and should 
take into account the feet that, during antiangiogenic therapy, 
tumor growth may slow before the onset of a cytostatic effect. 
Otherwise, an angiogenesis inhibitor could be withdrawn from 
a clinical trial prematurely, and the long-term or apparent cu- 
mulative effect would be missed. Partial responses (PR) and 
complete responses, as observed with cytotoxic therapy, may 
not be observed with angiogenesis inhibitors currently avail- 
able (e.g., TNP-470 or interferon-a), especially when these in- 
hibitors are tested as single agents. If these responses do occur, 
many months of treatment may be required. In contrast, an- 
giostadn can cause regression of large tumors in animals, and 
one can speculate that angiostatin or inhibitors of equivalent 
high potency may be able to induce partial or complete re- 
sponse in human tumors. 

Third, resistance to angiogenesis inhibitors has not been a 
major problem in long*term animal studies or in clinical trials 
to date. Babies with large hemangiomas of the mediastinum 
or liver, who were treated with interferon af-2a daily for up to 
a year, did not develop drug resistance. Of interest, antian- 
giogenic therapy has been proposed as a strategy to circumvent 
acquired resistance to anticancer agents.''^ 

Fourth, a combination of antiangiogenic and cytotoxic ther- 
apy may be more effective than either type alone. In tumor- 
bearing animals, such combinations can be curative, whereas 
either agent alone is only inhibitory An angiogenesis inhibi- 
tor such as AGM-1470 (TNP-470) can significandy decrease 
DNA synthesis in endothelial cells in a tumor bed, whereas 



cytotoxic agents such as Adriamydn and dsplatin do noL^^® 
These results suggest that therapy directed against both the 
endothelial cell and tumor ceU compartments of a tumor is 
more effective than therapy only against tumor cells. Radio- 
therapy is also potentiated by antiangiogenic therapy in tumor- 
bearing animals, in part by decreasing tumor hypoxia.^*** 

Finally, certain common misconceptions may impede the 
appropriate design of a clinical trial, as follows: 

• It is often assumed that only ''highly vascularized" tumors 
can be treated with an angiogenesis inhibitor. This mis- 
conception is based on the gross appearance of tumors 
after removal. Some large tumors (larger than 2 to S cm) 
appear white and others appear to be red The white 
tumors are assumed to be avascular, but in fact it is their 
high interstitial pressure which causes vascular compres- 
sion. At the microscopic level, virtually all tumors reveal 
a similar neovascular capillary network with only small 
variations in intercapillary distances and arteriovenous 
shunts. 

• Another common assumption is that large "established" 
tumors cannot be treated by antiangiogenic therapy. In 
fact, the new microvessels within a tumor have a high 
turnover rate, and any interference with the angiogenic 
stimulus which maintains that high replication rate of en- 
dothelium will lead to gradual involution of microvessels. 
The feeder vessels may be "established" but the neovascu- 
lar networks are not. 

• It is oflen assumed that only malignant tumors and not 
benign tumors can be treated by antiangiogenic therapy. 
In fact, the presence of angiogenesis does not distinguish 
between a benign and a malignant tumor. Adrenal adeno- 
mas are benign, yet are highly neovascularized, and these 
tumors appear unable to take advantage of the new vesseb 
they have induced. One can speculate that certain slow- 
growing "benign" tumors, such as giaiit cell tumors of the 
bone, or fibromas, or even benign prostatic hypertrophy, 
may be candidates for antiangiogenic therapy. 

The hypothesis that tumor growth is angiogenesis depra- 
dent was first introduced in 1971.^ During the past decade, 
formal proof of principle for this idea has been established in 
the laboratory. It is hoped that in the next decade proof of 
principle m the clinic may become a reality. 
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